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CHAPTER 1 

INTRODUCTION 



1-1. Purpose. This manual is intended for use as a 
text for instruction or as a reference source in the field of 

energetic materials. Only the materials of interest in 
conventional armaments are covered; nuclear arma- 
ments are not. 

1-2. Scope. Chapter 2 is a history of the field of 
energetic materials. Chapter 3 divides the energetic 
materials field into three categories: explosives, pro- 
pellants, and pyrotechnics. Chapter 4 discusses the 
principles of chemistry and physics pertinent to the 
energetic materials field. Chapter 5 is a description of 
the tests used to evaluate explosives. Both mandatory 
safety tests and tests used in the selection of particular 
compounds among the many explosive compounds are 
covered. Chapter 6 contains a description of the tests 
used to evaluate propellants. Chapter 7 presents 
detailed information about the compyounds that are used 
by the United States as initiating explosives. A discus - 
sion of priming compositions is also included. Chapter 8 



presents detailed information about the compounds that 
are used by the United States as booster and secondary 
explosives. Chapter 9 provides a discussion of those 
mixtures of materials that are used as propellants. 
Chapter 10 discusses the field of pyrotechnics. Foreign 
energetic materials are covered in Chapter 1 1 . Safety 
and toxicity considerations are discussed in Chapter 12. 
Basic methods used to identify and detect energetic 
materials are presented in Chapter 13. Chapter 14 pre- 
sents information pertinent to the pac)<ing, maricing, 
storing, and shipping of energetic materials. Chapter 1 5 
discusses disposal, destruction, decontamination, and 
demilitarization of energetic matenals. Pertinent data on 
explosives and propellants are tabulated in Appendix A. 
Tables A-1 through A-6 allow rapid comparison of the 
important characteristics of the material. The bibliog- 
raphy is contained in Appendix B. An index for all mate- 
rial covered, referencing both paragraph and page 
numbers, concludes the contents of this manual. 
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CHAPTER 2 

HISTORICAL DEVELOPMENT OF ENERGETIC MATERIAL 



Ifitroductloii. 

a Purpose. This chapter describes the 
development of energetic matefial in chronological 
order. 

b. Scope. This history is mainly conoemed with 

military applications of energetic material, however 
some important nonmiHtary uses are also discussed. 

c. Relationship of Deveiopment to Science and 
Technology. Developfnents in the energellc irMrteiifli 

field are generally the result of a dose reialioimh^ 
between basic research and technology Advances in 
oasic research provide new matenats and new applica- 
tions. The toeof Ihe new nurterialsand new methods of 
application, as well as idea^ frnrr other fields, edvanoe 
lecivioiogy or even aeate new technology. The 
sdvancement of (echnoiogy gives en impetus to farther 
research. For example, the shaped charge effect was 
discovered in 1888. Little use of the principle was made 
until World War II. vvf>en technological advances made 
the tank a msior battle w oe p o n. At Vie present lime, 
significant progress is being made in lessening (ho 
effect of a shaped charge on armor. This will require 
further development In energetic materiats and their 
applications to defeat 0ie newer types of armor. 

d. tnterreiationst^ Among GipibsAws, Ammurtf- 
Oon, and Weapons. 

(1) &cptotives are the matortals that delonaie. 

They may be used independent of, or form a part of, 
ammunition. For military management purposes the 
two are controlled as one category of weapons or 
ttntamenls. 

(2) Weapons are instruments of any Idnd used 

in fighting. We may consider weapons as the tools used 
in warfare. The development of these tools is the art or 
science of weaponry. Weaponry includes use of dubs, 
stones, slings, axes, spears, darts, Javeilns, Imws and 
arrows, shields, body armor, etc for hunting and fight- 
ing. L^ter, siege weapons sudi as catapults and ballista 
(ttie forerunners of cannon) were developed to tiurl 
large stones and other missiles at fortifications. Better 
weapons created the need for a spedal group of arti- 
sans called metalworkers and metallurgists. The 
metalworkers began Shaping the weapons from metals. 
The metallurgi'^ts practiced the art or scicnco of 
extrading meta\s from their ores, refining them, and 
preparing tf>em for use. 



e. OTsoovertSe, ImmnOons, Oevetopmems. Hie> 

torians often disagree as to who was tf>e first to discover, 
invent, devek>p, or use a new theory, charaderistic, 
device, or materitf. Audienlioaiing this irifoniNUion Is ft 
difficult task, for the records and terminology used to 
record these facts may be m'sieading What has been 
published arxi used as an official source in subsequent 
documents may have been taken from an unrelMble 
source. The histcn/ of energetic materials is particularly 
full of such examples. For example, who Invented tAack 
powder or gunpowder? And. when was gunpowder fbst 
used? Sometimes tf>e answer is that several or many 
people or nations were all invoived at the same lime. 



fr2i Ewly llee flff Flaiiie^ biosfKMerieet end SniolMu 

a. Flame and Incendiaries. Rame and incerv 
diaries are ti>e okJest chemk»l weapons dating back to 
the caveman's use of flames and burning coals to drive 
off animals and enemies. In Biblical timet, wmlee 

attacking and defending fortified cities threw upon each 
other burning oils and flaming firebaUs consisting of 
rssin and straw. In 424 BC. the Spartans auooeeefuly 
employed a prototype of the flamethrower against a 
Greek fort in Oelium. Attaching a pot filled with burning 
pHitih, ooals. and suNurtoahoNow log, they used bellowt 
to blow a hot jet of flame which set fire to the dty walls 
and routed the defenders. Incendiary compositions of 
pitch, sulfur, hemp or flax, and resinous wood were used 
in the Troian Wars about 360 BC. Cenlurlee Mer, the 
Romans used similar materials in fire bombs or fire pots, 
which they catapulted over the wails of besieged towns. 
To set fire to wooden fbrts they used hollow, perforated 
arrows filled with incer>diary materials, whk^ were 
ignited just Iwfore being shot. The most famous of the 
incendiary mixes was Greek Fire, which was prepared 
by KaNinitos of HeiopoHs in Syria to enable the 
Byzantine fleet to defeat the Caliphate N3\y in 666 AD. 
The exact formula for Greek Fire is unknown. However, 
the formula Is iMleved to be a mixture of sulfur, naptha, 
pitch, resin, and qutoklime, which ignited and burned 
fiercely upon contact with water The Greek Fire was 
apparently forced by water, under nigh pressure, 

through lulMS or siphons. Thavtolent reacHonsand high 

pressure ejeded the burning incendraiT,' mixture tCA'ard 

the enemy sfiips. For the next S4x centuries, the Byzan- 
tines used Greek Fire to thwart the Moalem and sub- 
sequent Russian siegss of Constantinople. Chbiese 
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manuscripts as earty as 969 AD mention fire anrows, fire 
lances, and incendiary "rockets. " But with the exception 
of Greek Rre, such weapons had littie impact on warfare 
untH World War I. 

b Smoke. While histoPv' le'ls us that screening 
smoke was employed in early conflicts, the results of 
these Isolated incidents were always too uncertain to 
justify the adoption of smoke as a recognized agent of 
warfare. In fact, prior to World War I dense clouds of 
smoke generated by the black powder used in battle had 
lMoofneadelinHefMJisaiioe.The8eckMideol>8cufed1he 
fiekJ of vision, interfered with aiming and firing, and 
hampered the movement of troope. More recently, 
these very same charaderfsics have been exploited 
taclicaliy by the planned emptoyment of screenkig 
smoke munitk>ne. 

24. ImvenUon of Rrawforka and Blaek Powiler. 

a. Fireworks. Fireworks are devices that pro- 
duce displays of lights, noise, or smoke by the combus- 
tion of explosive compositions. Fireworks are managed 
under thai group of ammunitton deaigrMMed as 
"pyrotechmrs ' These who ply this art are called 
"artificers. Some historians credit the Chinese with 
being thafirsttrueartlllcers.lnltieralgnofHalaoTsung 
of Nan Subng (1169-1189 AD), true flwworks made 
their debut. They were similar to those used today. The 
first fireworks were made of incendiary materials with 
varkxn powdered minerals added to ookv, or to 
increase the light or smoke effect. Not until the invention 
of biaci< powder were the artificers at>le to generate the 
displays with wliich we have become familiar tod^. 
such as Roman candles, rockets, fire crackers, serpen- 
linps whistles, and stars. The French, in particular, 
becanne very adept at civil py rotechnk:s by the 1 7th and 
IMi eemuries. Civil pymiechnies are generaly iimMad 
to f reworits ussd for puUk; displiqf, signaling, or 
rescuinq, 

o. Black Powder. Authorities differ upon the ori- 
gin of biaci< powder aocrediting in turn the Chinese, 
Hindus, and Arabs. In 1249 AD Roger Bacon, an 
Enqiish monk, recorded a formula for black powder* 
saltpeter (7 parts), charcoal (4 parts), and sulfur 
(4 f)art8).AItfiouglita9on was nottfwinvenkw.Na were 
probably the first truly scientific experiments witb this 
explosive. Sulfur and charcoal had been used in incen- 
dtarycomposflions for many centurles.Sallpeler (potas- 
sium nitrate) appears in rvature but requires refining to 
supply the proper amount of oxygen to ignite the black 
powder mixture. Bacon s knowledge of purified salt- 
peter proliably came Iram the Arabe who Obtained INa 



information from the Chinese about 1225 AD Bacon 
mentioned In his writings that the ingredients of black 
powder were used in firecrackers made in various 
countries of ttie world. 

2-4. Introduction of Gunpowder in Europe. 

a. hwention of Guns and Gunpowder. The age 
of gunpowder began earty in the I4th century with the 
invention of tt>e gun, which consisted of a metal iube 
from which a projectile was discharged by the exptosive 
force of black powder. Guns andgunpowderprovktod a 
new means of propelling stone, iron, or lead balls with 
greater force than catapults or slings. The discovery of 
the usefulness of black powder for accomplishing 
mechanical wortt may be considered the real beginning 
of the history of explosives. When iqniterj by a torch, a 
loose charge of tiack powder above the borehole of a 
gun served as a pifming composiUon. A train of Madk 
powder in the borehole advanced the ignition to set off 
the propeilant charge of black powder In the gun tube. 
The Chinese and Europeans evidently became aware 
oUhlsappitoaMon of black powder about the samellme. 
Because Chinese developments did not keep pace with 
those in Europe, the Europeans have been cnadited with 
inverting and devetoping guns and gunpowder. The 
earliest mention of black povyder on military supply lists 
was in 1326 AO. Also at that time, a Latin manuscript 
callad 't)n the Dulles of Kings," written by WtMer de 
MHemete, King Edward Ill's chaplain, kiduded the flrst 
known illu8tratk)n of a cannon. 

b. Manufacture of Gunpowder. Roger Bacon's 
t>lack powder redpe was not for gunpowder. Different 
proporlfone of eaHpetor. charcoal, anid suHUr were 
required to propel missiles from the earlv cannon and 
firearms. In the mid I2th century, John Arderne, an 
Englishman, gave the proportions of saltpeter, charcoal, 
and sulfur as 6:2:1, the same as recommended by 
Marcus Graecus around 1275 and by Albertus Magnus 
in 1300. The Germans, who some scholars daim 
inverted gunpowder and guns around 1313 (i.e., the 
legendary BerchtokJ Schwarz), were using a mixture of 
4:1 :1 in 1 350. The ingredients were ground, mixed, and 
uasd in a fine powdsr or meal. Atfkst. the maleriaia were 
mixed in a mortar using a parte operated by hand and 
were later mixed by horse power. Later, improvements 
in machinery mixed gunpowder with rollers on a marble 
slab and wWiwoodonaiamps. Mixing black powder was 
considered a highly technk^al art and a dangerous one 
too. Sometimes the final mixing was done at the gunsite 
loreduce the hazaid of storee exploding. Neverthelesa, 
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the records of towns and armies during the early days of 
gunpowder contain nnmy fstorenoee lo accidental 
explosions. Other mostly useless Ingredients, such as 
amber, alcohol, camphor, wine, urine, arsenic, and sal 
armoniac, were added to the recipe to improve stability, 
reduce afaeorption of moisture, and to prevent crum- 
bling. Depending on the weapon or the use, some 
countries varied the proportions of saltpeter, charcoal, 
and sulhir. For example, Hie Franetf at one time made 
six different mixes - one strong and one weak each for 
pistols, muskets, and cannons. Different mixes have 
been used for blasting, mining, and sportir>g weapons. 
In 1895. most countries, indudlngthe USA, adopted the 
English standard 75:15:10 (saltpeter: charcoal: sulfur), 
which had been in effect since 1781. This standard is 
generaNy used for all arms, the only dMferenoelMing in 
the size of the graine. 

2'S. Dewslopments Between the 15th and 18th 
CeiHuiy. Ttie development of energeUe maieitals 

frorr 1400 to 1800 were restrictenf mainlv to improve- 
noents in the manufacture of biack powder and related 
applcaffons. By 1400. iron cannons, bound by Iron 
hoops to keep them from bursting, and iron cannon balls 
were coming into use At the end of the 1 4th century, a 
hand gun was invented that weighed 4.5 kikjgrams 
(1 0 lbs) and llrod lead shot. One man carried the gun. 
which was not tnted on a Stand and aimed at the enemy 
This weapon evolved into the arquebus or harqebus, a 
hand gun with a bent slocit and a fortted staff to support 
the barrel while firing. A lit match or fuse of serpentine 
black powder was used to ignite the propellant powder 
charge through a touch hole in tf)e breech (closed end) 
of the gun barrel. Other important events or develop- 
ments during this period are as follows; 

a. 1425 Corning, a new process for making 
black powder into grains instead of the finer serpentine 
gunpowder, was invented. Coming consisted of wetting 
black powder to 'orrr a paste, which was then pounded 
into a cake. The cake was broken into small lumps t)y 
hand and sifled. The resuMng pieces, which were called 
corned powder, absorbed less rr^oisture and were more 
suitable for use in cannons than the serpentine powder. 
Rame from the priming powder was distributed more 
efllciently by the larger graira. This rssuNnd in a more 
oomplete expk}sk>n and reduced fouling. 

b. 1540. Standard gunpowder gram sizes tor 
pistols, muskets, and cannons were adopted oy the 
French. They dteoovered that less powder was needed 
to propel a projoctite if the grain size was rnntro''ed Ry 
using uniform, slow-burning grains they were able to 
oontrol the pressure of the exploeion In the gun. and 
thereby reduce the hazard of blowing up ttte gun. This 
discovery also led to improvements in gun dmign. 



c. 75^. Linen or paper bags containing gun> 
powder were used fbr charging cannons. 

d. 7579. An instnjment fbr testing gunfiowder 

was devised by Bourne of Englarxj. Until then, the only 
test was to bum a small quantity to see how much 
residue would be left The testing device consisted of a 
small metal ^^linder with a heavy metal lid on a hinge. 
The lid was prevented from falling by a ratchet, and the 
angle to whk:h the lid rose when powder was fired inside 
the cylindar measured the strength. 

e. 1SB8. Explosive shells were used at the siege 
of Bergen op- Zoom and Wachtendor>ck, Holland by the 
Dutch. The st>ells were made from hollow iron balls filled 
wKh gunpowder. The gunpowder was ignited by a fuze 
consisting of a hoUow tube filled with stow burning ser- 
pentine powder, and timed to bum 14 to 20 seconds, 
corresponding to ranges of 914to 1830 meter8(1000 to 
2000 yards) for mortar fire. The knowledge for making 
this fuze was brought to the Dutch by an Italian deserter 
from Parma. 

f. 7590. Caitridges with ball and powder com- 
bined were introduced for small amw. 

g 1602-1604. Fulminating gold, later used as a 
priming explosive, was invented by Johann Tholden. a 
Dutch chemist in the employ of the British Navy. 

h. 1811-18X. An improved paper cartridge was 
devek>ped during the rule of Swedish King Gustavus 
Addphus, thus increasing the rate Of lire foT flresmns 
used in the Thirty Years War. 

i. 1919. Biastingpowderlsreportsdtoliavebeen 

used In German mines to blast rocks. Less saltpeter and 
more charcoe I and sulfur were used in blasling powdsr 
than in gunpowder. 

j. 7627. An I mproved inslnimsntfor tssting blaci< 

powder was devised by Curtent>ach. This consisted of a 
heavy conical shot, which rested on the mouth of a small 
mortar arKi could travel vertically upwards along a 
sinslched wire provided with a series Of catches to slop 
the shot from faMng. 

k. 1627 Black powder was used to blast ore in 
the royal mines at Schemnitz, Hungary following 
experknento by a Hungarian engineer. Kaspar WelndL 
Using t)lack powder for this purpose was slow to be 
accepted because 8al4)eter was expensive, boring 
ineliumenls war* not avallabie, and safety hazards from 
mine gases and cave-ine were increased. 

I. 1628. Gold fulminate priminq explosives for 
torpedos were invented by J. Thollen lor ttie British 
Navy. 
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m. 1647. Testing the strength of gunpowder, by 
firing a ball from a nortar and measuring the distance 
the ball travelled, was proposed by Master-Gunner Nye 
in Ns "Art of Gunnery" TMs mortar test wasadopled by 
France and other countries soon afterward 

n. 1654. Ammonium nitrate was firstpreparedby 

J. R. Glauber, a German chpmist. 

o. 7679. Blasting powder was used on a large 
scale in theoanstrudion of the Mai pasTunnel. Canal de 
Midi. France. 

p fi?94. Glazing process for qunpowrlp'' was 
introduced. Rough gunpowder corns were glazed by 
tumbling them in large wooden drums until the grain 

surfaces were smooth Graphite was added to coat the 
grains. Glazed gunpowder was less hyg'oscopic and 
flowed more easily than the unglazed gunpowder. 

q. Antimony sulfide and arsenic suilide 

were used by Ruggieri of Italy in pyrotechnic mixtures 
(Or brilliant fireworks displays at Versailles 

r. 1736. The closed bomb for measuring the 
prsasuregsnaraiid by gunpovidorfirad in a dosed ves- 
sel was designed by tfAnlony of Italy. 

s 1742 The ballistic pendulum, which deter- 
mined the velocity of a profile's impact by measuring 
the recoil of a struck pendulum, was invented by 
Benjamin Robins, an Englsh mathematician. Robins 
siH)wed that air resistance on a moving projectile at high 
velocities is greater than the resistance at knw velocities. 
Robins also developed the first practical chiom^raph, 
an instrument for measuring and recording short dura- 
tions of time, and improved on a ctosed bomb for testing 
Xiw power 01 an expioeion. 

t. 17T1. Pierie acid was first prepared by Pierre 

Woulfe, a French chemist hy treating silk with nitric 
acid. Picric acid is an aromatic nitro compound which 
was used as a yellow dye until its explosive properties 
were discovered in 1871. 

u. 1 784- 7 788 Potassium chlorate was prepared 
in its pure state by Claude L. Bertfx}ltet. a French 
chemist who discovered its detonating properties. His 
klea of using potassium chk>rate instead of potassium 
nitrate in black powder was abandoned after a dis- 
astrous explosion durir>g manufacture in 1788. 
Bertholet also prepared fulminating silver in 1768. 

V. 1784'17B9. Compact black powder grains 

were obtained by pressing the cakes with screw preseee 
before corning at Faversham, England. 

2-6. Nineteenth Century Development. Modern 
energetic matenals technology began with the 
nineteenth century. New energetic materials began to 



displace the black powder formulas ttiat had been the 

choice for use in weapons, ammunrtk>n. and blasting for 
over 350 years. The discovery of new matenals or ttie 
practical application of previously known materials (for 
example, picric acid) greatly inftuenced the design and 
pedormance of weapons and ammunition, in turn, lite 
rapid devek)pment of weapons and ammunltton, and 
the increased demands of new arxl expanding indus- 
tries further accelerated the search for more pffective, 
less expensive materials. Dunng the nineteenth cen- 
tury, more poweriul propeNants (such as smokeless 

powder), better primers, various lxX)Sters or detonators, 
and new high expk>sives were introduced. There were 
Significant advancements in the science and technology 
of weapons and ammunition, too. Among these were 
improved explosive (Congreve) rockets (later adapted 
for signaling and illumination), nfled arms, revolvers, 
magazine-toading rifles, machine guns, revolving tw* 

rets, armo'cd oava' vessels, percussion caps (encap- 
sulated primers), metallic cartridges, time fuzes and 
impect fuzes fOr artillery shells, rilled breech>loading 
field artillery, obturation devices, and spring and hydro- 
pneumatic recoil mechanisms for artillery Modern mass 
production began when Samuel Colt, an American 
gunsmith, first manufactured standard rifle and revolver 
parts. Mass production of small arms ammunition began 
when G. Moore Peters used the first cartridge-loading 
machinery at Ms factory in Ohk>. Nineteenth century 
devekipments of energetic materials foNow. 

a. 1800. Mercury fulminate was discovered by 
Edward Howard, an English chemist, who descnbed its 
detonating properties in a paper before the Royal 
Society. 

b. 1801. Fireworks formulas containing metal 
salts and ammonium chtoride were put>iished by 

C. F. Ruggieri, an Kalian artificer. ThMe sails produosd 
brighter flames because volatile metal chtorides wars 
formed during the combustion reaction. 

c. 1807. The principle of using mercury fulminate 
as a primer was patented by Rev. Alexander J. Fiorsyth 
of Aberdeenshke, Scotland. 

d 1823. Chlorates, discovered by 
C. F. Berthc^let in 1 766. were first used in fireworks by 
John Cufbush. an English artificer. 

e. f 025. Benzene, creoeote. and naphthalene 

were isolated from coal tar (obtained from bituminous 
coal) by Rev. Dr. Clayton in Englarxj. Most of his pro- 
ducts were later nitrated to produce explosives, such as 
trfnitrobenzene and mtronaphttialenes. 

f. 7826 Aniline was first prepared by 
Unverdorben. Later, nitration of aniline resulted in the 
very powerful explosive called tetranitroaniline. 
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q 1831. Safetyfuseforb'asting was invented by 
William Bickford of CorrHwall, England. The Bickford 
fussoonsistodof 8 oofB of Uack powNtarflgMly wrappBd 
in textiles (mainly jute yam) The timing, or burning time, 
tor a given length of fuse was very accu rate and consiS' 
tent This fuse soon replaced the less reliable fuses 
which were made of straws or quills filled with black 
powder, thus greatly reducing the hazard of accidental 
explosions in mining or construction. Later, the Bickford 
safe^ fuse was weterprooled by applying a ooat of 
aaphaR covered with either a textile or plastic. 

h. 1832 Ammonium perchlorate was first pre- 
pared by L. Mitschedich, a Qennan chemist, who also 
nNraled benzene and tduena in 1833 or 1634. 

i. 1833. Nitrostarch was discovered by Henri 
Braconnot, a French chemist, while dissolving starch in 
concentrated nitric acid to form a fiammaUe nitric acid 
eatorof starch. This is considered to bathe beginning of 
HMMjem high mplosive te c hnolog y . 

j. 1837-1838. Nitrated paper, solub'c in pthyi 
alo>hol, and nitrated cotton fibers, insoluble m ethyl 
alcohol, were prepared by Prof. Theophle Julee 
PekHJze, a Frent^ chemist. These products wane highly 

combustible. 

k. 1B41. Ammonium picfat© was first prepared 
by Marehand, and was usad in 1869 by Brugere as a 
propeilant. 

I. 1843. Picric acid, discovered but not ideniRad 
by Peter Woulfe in 1771 . was rediscovered by A. 
Launnt who found that some of the salts were 
explosive. 

m 1845. Guncotton was prBpared by Christian 
F. Schoenbein, a German chemist, while at the Un4ver' 
sity of Basel, Switzerland. Upon nitrating cotton with 
mixed nitrk; acid and sulfuric aoid, he demonstralad that 
the resulting nitrocellulose was up to four times as 
powerful as black powder for tilasting. The guncotton 
tNjmed without leaving an ash. Schoen b ein alao pie- 
pared the first nifrosi qa' which dctiaqrated suddisnly 
and violently when heated to a certain point 
Schoenbein and R. Boelter of Franidurt, Gennany, who 
had discovered guncotton independently, obtained 
patents in 1846 and 1847 under the title: "Improvement 
in Preparation of Cottonwool and Ottier Substances as 
Substitutes for Gunpowder." Serious accidental explo- 
sions during early attempts to manufacture guncotton in 
1847 delayed its acceptance as an explosive, however, 
guncotton eventually became aooapled universally for 
use in blasting and for amoiteleas powder when mixed 
with nitroglycerin. 



n 1846-1847. Nitroglycerin, an ester of qfycenn 
arKl nitric actd, was invented by Asconio SoOrero, an 
Hailan chemist. Because nftrogiyoerin Is very sensitive 

to slight shocks, co Timercial use was delayed until the 
invention of dynamite and blasting gelatin Nitroglycerin 
was also used later to make smokeless powder. 

0. f 847. MannHol hexanltrate or hmanitro- 

mannitol was first prepared by A. Sobrero, but the 
expk>sive properties were not examined until 1878 
when N. K. Sokotoff of Russia investigated these 
characledetios. 

p. 1847. Cyanuric triazlde was first prepared by 

Auguste A T. Cahours, a French chemist. 

q. 1850 A testir)g device for measuring explo> 
sive pressure in cannons was developed by Col. 
Qeoige Bomlcrd of the US Ordnance Department 
Bomford inserted pistol barrels in hofes drilfed along the 
gun tut>e and measured velocities of bullet bk>wout. 
Based en these data, the weight of guns could be 
reduced. 

r 7850. An improved testing device for measur- 
ing explosive pressures in cannons was designed by 
LTC Thomas J. flodmen of US Ordnance Department. 
Pistons with punch-type ends were installed at intervals 
on the cannon and were forced by the explosion of the 
propellent into copper t)kx:ks. Measuring the depth of 
the indentaUons indtealed the relaUve preasures along 
the length of the gun tube. Rodman also developed a 
process of casting guns hollow and cooling them from 
witNn. The Rodman prooses put the metal sunoundlng 
the bore of the gun under a pemrtanent compressive 
strain that greatly inaeased the gun's resistance to 
interior pressures. 

s. f 853. Nitroglyceftn abeorbed In magnesia 
was developed by V. F. Petrushevskii, a Russiari officer, 
for use in mining gold in Siberia. This was a precursor of 
dynamite. 

t. 1857-1858. Sodium nitrate deposits found In 

Chile were originally o:>nverted to saltpeter (potassium 
nitrate) by reaction with potassium chloride, which was 
also in plentiful supply. Lammont du Pont, an American 
indualrlaiist, toitroduced a new formula for black powder 
using sodium nitrate in lieu of potassium nitrate Black 
powder containing potassium nitrate was called blasting 
powder A, and biadc powder containing sodium nitrate 
was called blasting powder B. Blasting powder B was 
less expensive and more hygroscopic, whk;h made it 
more suitable for blasting. Powder formulas were con- 
sidered more suitable for firearms, safety fuses, and 
fireworks. 
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u 1858. Diazo compounds were discovered by 
Peter Griess, ¥Vho atso prepared dinot or diazodinMio- 
pherwl. 

V. 18S9. Ethylene oxide, ethylene glycol, and 
ethylene glycol ether were prepared by Charles A. 
Wuftz. A century later ethylene oxide was used in fual- 
air explosives (FAX; developed by the US Armed 
FbroM. DiattiylMW glycol was also developed aimul- 
tanaously in 1859 by Wurtz and A. V. Laurenco. 

w 1860 A caseless propellant, consisting of 
cakes oi compressed Olack powder cakes or grains with 
parfofadons. was dsvalopad by T. J. Rodman whila 
working at Frankford Arsenal, Philadelphia. This led to 
the use of grair^ shaped into hexagonal pnsms about 
2.54 cm (1 inch) long and 2.54 cm (1 inch) acnMS. 
Perforations arxl grooves in the grains channel the 
flame from the explosion As the grains burn inward from 
the prism surtaces and outward from the perforations, 
lha burning gasas flow oonliraiously. thwnsby permitting 

the explosive energy to build up gradually L;nti1 the 
maximum power is exerted as the projectile leaves the 
muzila of lha gun. This acoaleraHon imparts a mora 
slficiantthnMttotha prajactila and aidandslha ranga of 
tha gun. 

X. 1861. Quanidine was fomied the oxidation 
of guanine by Sbedtar. Guanine Is a derivaltve of 
guano, which was fonnedfrom manuie, especially that 

oi birds and bats 

y. 1663, Trinitrotoluene (TNT) was prepared by 
J. WNHMind, Qemtan seiantfst. Although TNTwas used 

for many years in the dye industry, TNTwas not used as 
an explosive until 1 904. Thereafter, TNT became one of 
the most used high explosives. 

2. 1862-1866. Nitroglycefin production plants 
were designed for commercial applications by Alfred 
Bernard Nobel, a Swedish chemist, based on studies 
conducted with his father, Emmanuel, in 1859-61. In 
1862, iMy buM their iifat plant at Melsneborg. Sweden. 

Despite the tragic loss of his brother Emil m an explosion 
at tliat plant in 1864, Alfred erected two more plants in 
1885 and another In 1866> 

aa. 7885. Magnesium was fiist used for 
pyrotechnics. 

bb. 7865. Nitrocellulose was purified by Sir 
Frederick A. M>e\, an English chemist, who also suc- 
cessfully manutadurad granulaied nil ro cotioo. Atosl 

pulped washed, and compressed the nitrocellulose into 
blocks, sheets, discs, and cylinders, which were par- 
ticularly useful for blasting. 

00. 7885. Smokeless powder, used as a sporting 
piopsManl. was invenled by Scfwltze, a Piussian offlosr. 



ffirouqh nitrating wood, w,ashirig tho woodwHtiadiUta 
solution of sodium cartwnatc, and drying. 

dd. 1666-1867. Dynamite was invented by 
A. Nobel by absoi1)ing nitroglycerin (75) in Meeelguhr 

(diatomaceous earth) (25). Kieselguhr, an inactive 
ingredient, stabifized the nitroglycerin, and made dyna- 
mite a much safer explosive to f>andle and use. 

ee. 1867. The fulminate blasting cap, a device 
consisting of mercury fulminate in a copper tube used to 
detonate explosives, was invented by A Nobci This 
cap was cnmped lu one er>d of a safety fuse (e.g. 
Bickfonl fuse), arKi then Inserted into the dynamite 
cartridge. 

ft, 7867 Ammonium nitrate, pulverized and 
mixed with sawdust or charcoal, was proposed as an 
absoibant fbr nllroglycerin by J. H. Norribln and 
C. J. Ohisson, Swedteh Irwentors. 

gg. 7868 Dry compressed guncotton was deto- 
nated with a mercury fulminate detonator by 
E. A. Brown, an English chemist, who also disooveied 
that wet guncotton could be exp'oded by the initiation of 
a small quantity of dry gur>cotton. This important dis- 
oovsiy.ontheprincipieof a booster explosive, led to the 
useoflarge blocks of wet guncotton in naval mines with 
comparative safety. 

hh. 1869. Dynamites with an active base wrere 
patented by A. Nobel. To create an active base dyna- 
mite, Nobel mixed nitroglycerin with combustibles 
(sawdust, charcoal, rosin, and starch), and oxidizers 
(sodium nitrate or potassium nitrate). This led to a more 
efficient expkiM ttien guhr dynamlle. 

ii. 1870. Ohisson and Nofiibin's patent for 
ammonium nitrate dynamite was purchased by 
A. Not)el, who subsequently began production of 
ammonium nKrato dynamite. 

jj. 1871. Sprengel explosives, which consisted of 

mixing various combinations of oxidizing agents (chlor- 
ates, nitrates, ar>d nitrk: acid) with combustibles (nitro- 
napftlhalene, t)onzone, and nitrelienzefts), were 
patented by Hermann Sprengel, a German chemist. 
Oxidizing agents and liquid fuq| were mixed on site 
before using. 

Mc 7875. The "Exploelves AcT was passed by 

the British Government after a disastrous explosion at 

Birmingham kii'ed 53 persons. Tbe Explosives Act 
established inspectors of Explosives, who were given 

the power to inspect all magazines and facloriee to 

ensure that operations were carried nut in a reasonably 
safe manner. As a resuft, the number ot deaths m expio- 
sives taclories was greatly reduced. The provisions of 
this act have been adopted by many odier countries. 
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II. 7875. Gelatinous dynamites and biasling 

gelatins were patented by A. Nubel. 

mm. 1877. Nitroguanidtne was first prepared lay 
JousSBlin. but was not used in fNOfwIlanls until 1900. 

nn. 1879. Tetryl, a l>ooster explosive, was first 
prepared by Mtchler and Meyer of Germany. 

oo. 1879. Ammonium nitrate gelatins, known as 
ammongelatins, were patsnlsd by A. Nolial 

pp. 1882. ftfownorcocoa g u np o wdef was made 

l>y the Germans using partially txjrned charcoal tro m rye 
straw. The grains were made in single, perforated hexa- 
gonal or octagonal prisms. Brown powder was of higher 
quality, but was more sensitive to friction than black 
powder. The United States used biown powder during 
the Spanish-Amerk^an War. 

qq. 1883. Tstiyi was synthesized from picryl 
chloride and potassium methylnHraniine bjf van 

Romburgh, a German chemist. 

rr 1883-1884. Colloided rifle powder was pre- 
pared by Max von Duttenhofer by nitrating brown char- 
coal t>efore mixing the ingredients. This brown powdsr 
was adopted by the German Army in 1884. 

ss. 1884. Smokeless powder, for military rifles, 
was invented by Paul Vieille of France. This powder was 
a completely colloided single-base nilroceiluloae pro- 
petant The Fianch Anny adopted VieHle's Poudre B. In 
1866. 

tt. 1864-1885. High-speed photographic 
cameras were used for baiisticshKiBS by Eugene Mach 
and P. Solcher of Austria. 

uu TSS5. Two flashless powders ammonpulver 
and amidpulver, were patented and made by Qaens ot 
Hamburg from ammonkjm nitrate, potaaaium nitrate, 
and charcoal. 

w. 1885. The Hell Gate blast in New Yoric Har- 
bor used 34,000 kg (75.000 lbs) of dynamite, and 
1 1 .000 kg (24,000 ibe) of potassium chkyate soaked in 
nitrobenzene (rack-a-rock) to remove Flood Rock, a 
meruMe to navigation. This was the largest amount of 
explosives used in a single blast until then. 

WW. 1885*1888. Eugene Turpin, a French eden- 

tist, patented the process of melt-pouring picric acid into 
artillery shells as a high exptosive fiMer. Sprengel had 
dtocovered that picrtc add ooukf be iniUaled by a 
powerful detonator, but had not exploited this know- 
ledge. The Frer)ch Government adopted a high explo- 
sive shell designed by Turpin using a pk:ric acid filler. 
Tliey designated the picric add Mar as meinMe. In 
1888, the British adopted p eric add, which they called 
lyddite as an high expk>8ive filler. 



XX. 1888. The shaped charge effect was acci- 
dentally discovered by Charles E. Munroe, an Anverican 
sdentiet, at llie Naval Academy. Munrae disoovared 
that a ooncave-shapedaxploalvechaiRga pieicasaaleel 

plate. 

yy. 1888. Cyclotrimethylene tnnitrosamine was 
discovered by Grfees A Hsrrow and by Mayer, yet was 

not used until the Germans, hn rnled It H gwlr. llfWrl 
the composition in World War II. 

zz. 1888. Ballistite, the first double-base 
smokeless propeNant, was prepared by Alfred Nobel by 

replacing camphor with nitroglycerin In 1889, Nobd 

prepared batlistfte from collodion cotton and 
nitroglycerin using a solventless method. 

aaa. 1888-7009. CordHe, the second successlul 

double-t>ase smokeless propellent, was prepared by Or. 
W Kellner in F. Abel's English laboratory Sir James 
Dewar. British chemist and physicist, and Abei patented 
cordite for the Britlah Government, Which adopM oo^ 
dite as a military propeltant named Cordite Mark I or 
CSP (cordite smokeless powder). 

bbb. 7890. Tetranitrocaitiazole. used in igniter 
and pyrotechnic corapoeitions, was flrst prepared tiy 
Kari Graebe, a German chemist. The current method of 
preparation was devek)ped in 1912 by the LeopokJ 
CaMeNa Company in FianMurt. Qermany. a division of 
the IntereaaenGemeiMchaft (I. Q.) Farben oorporalion. 

ccc 1889-1890. The devetopment of explosive 
devk»s was greatly enhanced kiy the work of Theodor 
CurlfiM» Qannan Nobel prize laureate, who discoversd 
hydrazine in 1889 and hydrogen azide in 1890. Ha 
subsequently suggested to the German military ttie USe 
of metal azides tor primer application. 

ddd. 1892. Tetranitrooxanitkie was prepared by 
A.G. Peri<in. an English edantiit, and uaedaaacompo- 
nent in black powder ^pe esqilosivas and pyrolachnic 

compositk>ns. 

eee. 1894. Butsnetrid trinitrate, used a half 
century later as an exploeive piasUdzer for nitro- 
oe(luk>se, was first prepared Wagner and Ginsberg. 

fff. 1895 Liquid oxygen explosive (LOX), carbon 
t>lack packed in porous bags and dipped in liquid oxy- 
gen, was introduced by Karl P. Q. von Undo of Ger- 

many LOX was widely used by Germany during Workj 
War I, and in the United States Midwest for strip-mining 
m the 1960*8. 

ggg. 1898. A tayeted smo teo ls as propeliant. 

which woo prepared by qlueinq and compressing 
together several layers of different components, was 
patented tiy A. B. Bofofs, NobeHout of Sweden. The 
outer layers were slow-t)urning, while the buming speed 
incfeasad progressively towards the inner layers. 
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hhh 1897 1398 Cheddite. an explosive for 
blasting consisting of potassium chlorate or perchlorate 
inlmd with s nRfo compound wid csslOf oHt wm 

invented in England t>y E. Street. Cheddite derives its 
name from Ch€K5de. France, where it was made. 

ill. 7899. Potassium dinitrobenzfuroxan, used in 
priming compositions, was first prepared by P. von 
Drost. 

iij. 1B99 Cyclonite (RDXl was first preparer! by 
Henning of Germany. Hennir>g used ROX, wrhicti he 
called Hexogen, for medical purposes. The first to rec> 
ogniSB Vrm value of ROX as an explosive was E. von 
Herz of Germany. The first to prepare RDX in quantity 
was G. C. Hale of Picatlnny Arsenal, NJ, in 1925. How- 
evor. it was not umnworid War II lhatthe moat important 
work in manufacturing pfocasaaa and appiicaliona of 
ROX was done. 

Mfk. 1899. Aiuminized explosives, containing 
aluminum to irxs^ease the performance of explosives, 
ware first proposed by R. Escales of Germany and were 
patented by G. Roth. Ammonal, their first, contained 
ammontum nitrate, charcoal, and aluminum. 

2-7. Twentieth! Century Development through 
World War 1 (WW I). This period saw the use of cordite 
smolceless powder and repeating rifles by the British 
during the Boer War (1899-1902) in South Africa: large 
scale naval battles and full-scale use of machine guns in 
the Russo-Japanese War (1904-1905): and the intro- 
duction of submarine warfare, armored tanln, aerial 
t)ombing of civilians by dirigibles, and strafing and 
bombing by aircraft during World War I (1914-1918). 
Wtortd War I saw concentrated machine gun fire, artillery 
bafrageSifiring long ranges from railroad guns and from 
large guns on battleships, firing torpedoes, laying 
mines, using depth cfwges in anti-submarine warfare, 
andsignalinQand lluminaling vvitti flares. Soldiers were 
issued steel fwlmels and gas masks fbr individual 
protection. 

a. 1900. Cordite smokelras powder, used by the 
BiHIsh in the Boer Vtar, caused excessive corrosion in 
gun barrels As a result, the formula for cordite was 
Changed to reduce the amount of nitroglycerin from 56% 
to 30^0 and to increase the amount of nitrooelluiose to 
K% witti the amourtt of mineral jelly renfMMng at 

b. 7900. Picric acid (British lyddite) shells were 

used in the Boer War but did not detonate completely. 
This was attributed to iaulty construction of the 
detonators. 



c. 1900 The Contact Process for manufacturing 
concentrated sulfuric actd and oleum was discovered by 
Bediscfie AnHirt-und Sodatatxiic of Germany. TMs pro- 
cess was less expensive than the chamber n>ethod 
previously used. As such acid was required for mixed 
nitric-sulfuric acid to nitrate aromatic hydrocartx)ns to 
polysubstitution, trinitrolMnzene and trinitrololuane 
(TNT) could be inexpensively manufactured. 

d. 7900. Chromatography a physical method of 
separation in which the components are partitioned 
between two phases, was Invented simultaneously and 
independently by American geologist D. T Day and 
Russian botanist M. S. Tsvet. The qualitative method of 
separation of Ingredients t)y adsorption was known for 
centuries. 

e. 7900, Regular-delay etoctric blasting caps for 
rotational shooting (0.5 to 12 seconds) developed. 

f. 1901-1904. A tnniuotoiuene (Tl^) manufac- 
turing piooeaa c o nsi st i ng of three phases was 

developed by C. Haussermann of Germany. This 
method, which proved to be more economicai than 
direct nitration of toluene toTNT. was used in the United 

States until Worid War II. The German industry adopted 
this process in 1902, when they adopted TI^IT as the 
filler tor hign explosive shells. They also used TNT fbr 
demolition purposes, replaoing picric add. 

g. 1902. Detonating cord, developed in France, 
was improved, leading to adootion in the United States 
by the Ensign- Bickford Company in 1912. 

h. 7902. Antifreeze for dynamite was researched 
extensively in many countries following a disastrous 
explosion during defrosting dynamite in Greisnau, Ger- 
many. The problem of producing a satisfactoiy anti- 
freeze remeined unsolved until S. Nauckhoff of Sweden 
published his work in 1905. listing requirements for a 
satisfactory antifreeze, and compounds which met 
these requirements. 

I. f 909. A muzzte*fia^ suppressor using vm> 

eline with 1-2% sodium bicarbonate was proposed by 
Rottweil Fabrik of Germany. This was replaced in 1905 
by soap or rosin. 

j. 1904. The ObemnuelierStalsllity Test. wMeh 

consisted of heating 1-2 grams of nitrocellulose in a 
small tube under vacuum at 135-140° and measuring 
the pressure of evolved gas by vacuum manometer, 
was Introduced. 

k. 7904-7905. Methyl picrate (2.4.6- 
trinitroanisole) was patented for use m smokeless pro- 
pellants. The powder consisted ot an equal amount of 
methylph:rale and pyreoaNulose. 
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I 1905. Nitrostarch was produced in a Stable 
form. Nitrostarch is similar to nitroo^lulose but is lower 
in iliwgth. NHiostsfch do98 not CWI98 tiMidttchM front 
skin contact as do THT, nUroglyoofln, dynamllp, and 
many other explosives. 

m. 1906. Various substituted ureas, called cen- 
Irailtas and akwdllos, wofo dovolopod at llw Oonlfol 

l.atx)fBtory for Sdenttfic and Technical Research at 
Neubabelsberg. Germany, for chemicatatabiUzor appli- 
cation in smokeless powders. 

n. 1906. Lead a2kle was proposed by Col. 

A. A. Solonlna of Russia for use in compound dalo- 
nators (initiating explosives) in lieu of mercuric 

fulminate. 

o. 1 906. Hexanitroazobenzene was prepared t)y 
E Grmdmougln and H. Lehmann of France, and 
feoommerKtod by Tenny L. Davis for use in txx)sters. 

p 1907 Diphenylamine. designated as poudre 

B. was approved as a stabilizer for French ruival cannon 
prapellants and other large caliber guns. This stabilizer 
replaced ^myl alcohol after the dteSSMMM explosion bl 
1907 o( the battteship lona 

q. 190T. Mixed giycol esters, such as dinitro- 
s oelin wWt dMlrafonvAv wew psAsnlsd ss dynainile 
antifreeze by Vezio Vender of Italy. 

r. 1908. A detonating cord (cordeau detonant) 
containing TNT instead of biactcpowder was patented in 
Franoe. This detonating cord had a detonation velod^ 
014,880 meters (16,000 feet) per second. 

S. 1909. Ammonium pfcrate (Dunnite Or Expk)* 
aive D) was standardized in the United Statas aa a 
Ixif sting disiigs for annor^pfSfdng (AP) slieRSi TTwss 
AP projectiles could t>e fired through 1 2 inches of armor 
plate, and oouM be detonated on the far side by an 
Insensitive primsr. 

t. 1900. ljow*nNfelsd sromsHc tiydwositoons, 

because of Iheir stability and insensitivity to shock and 
to ignition, began to be used in ooal mining exptosives 
compo6itk>ns. 

u. T909. SofvenHess powder (or propellent) was 

discovered by Brunswig and Thieme of Germany, 
although many others contributed to the developmsnt of 
such propellants. 

V. 1910. Preparatton of 2,3,4.6-tBtranltroa nl llne. 

a powerful expkjsive, was patented by Rurscheim. This 
explosive was used during World War II by the Germans 

and Japanese. 

w. 1010, Tslrsosns was first prepared by 
K. A. Hofmann ki Qsrmany. More extensive studies of 
the compound wsrsconduBlsd Si 1931 byRMtentosoh 

and Burton. 



X 1910-1913 Laminated soiventless propel- 
lants were prepared by Or. C. Claessen, a German 
s clsniist. Making propellants into large soiventless 
grains was lass time consuming tiien making solvent 
piDpellants. 

y. 7972. TNT was adopted as the standard 
bursting charge in high expk>slve sheMs for the fiekl 
sfWeiy of the U8 Army. 

z. 7972. Nitroisobutylglyoerol tnnitrate or 
trimethyJol nitromethane trinitrate, used as an explosive 
geiatinizer for nitrocellulose, was first prepared by 
nomnriinier. 

aa. 1912-1913. Tetranitroaniline (TNA) was 
patented by Dr. B. J. Flurscheim, an English scientist. 

bb. 1914. Lead styphnate (trinitroresorcinol), an 
InMaiing explosive, «wb8 first prepared by E. von Herz of 
Qsnnany. Col. A. A. Sokxilna of Russia was the first to 

propose using lead styphnate in compound detonators 

oc. Worid War I. The high-explosive techrkology 
Of theoontendlTig powers greatly influenced the conduct 
of Wortd War I. At the outisreak of war in the summer of 
1914, the German GeneraJ Staff had planned to fight a 
high-explosives war of greatiftfensity. Their plan was to 
mount a suddsn and overwttelming attaOk using vast 

stores of artillery ammunition accumulatec) over the pre- 
ceding forty years. After the t>attle of the Mame in 1 9 1 4, 
the Germans realized thai exploaives productton must 
lie expended; and they tumed to their dye industry for 
this expansKMi. When the war began, Germany's 
chemical industry was producing 85% of the world's 
dyes. The Germans were able to rapidly convert their 

plants to productton of synthetic ammonia, nitric acid, 
and sulfuric acid, whtoh were required tor the manufac- 
ture of exploaivee and chemical warfare agents. Whan 
Gemf>any's access to Chilean sa tpelsniMS out off by 
the Aflied blockade, the key to the German war produo- 
tk>n of explosives was the Haber process for producing 
■rfmNiim Irani auiiuaprwnc mrogen. oy expenuRig 
their nitrogen plants at Oppau and Merseburg, Germany 
was able to become independent of foreign countries for 
the supply of ammonia and nitric acid. Because these 
diemlcels were so essential for the manufacture of 
explosives and fertilizer for food products, it is doubtful if 
Germany coukJ have continued the war beyond 1916 
witimut the amazing epeed with wtiich the I. G. ParlMn 

concern was able to convert their dye plants to explo- 
sives plants. For example, at Leverkusen, a TNT plant 
producing KG tons per month was put into operation in 
six weeks. The maior powers began accelerating the 
search for substitutes or supplements to TNT. The most 
important were mixtures of high explosives, such as 
TNT, TNX, and TNN, wiHi ammonium nUrato end 
aiumlnum. By 1914, tlie Rendi tisd alisedy bsgun 
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replacing picric acid (melanite) with TNT. In 1915, the 
British developed amatol (TNT plus ammonium nitrate) 
to extendihe supply of TNT. In 191 7, Austifan ammonal 
T (TNT. aluminum, and ammonium nitrate) was 
developed by R Forg to be used In underwater explo- 
sives, such as torpedoes and depth charges. Lead 
azide was introduced as an initiator, and tetryl was used 
as a booster explosive tor artillery shell charges. About 
2.500,000 tons of high explosives were used by the 
contending poiwofs during ttie war, resulting in an esU- 
maled 10 mlllon casuaRles. 

dd Wnrir! Wsr !. High-explosive aerial bombs 
were (irst dropped from German Zeppelins during the 
31 May 1915 raid on London. The Germans continued 
to use these dirigibles, practically unopposed, in Iheirair 
raids on London and Paris until late in 1916. Then the 
British and French began to counter these attacks with 
antt-aircraft gunfire and figliter aircraft. Soon the Ger- 
mans began using their large Gotha bombers, which 
they employed throughout 1917 and 1 91 8. In retaliation, 
the Allies began producing fleets of lai^ bombers and 
various high-exploslve bombs. 

ee. World Mtor /. Incendiary bombs were also 

first used during the German Zeppelin raid over London 
on 31 l^y 1915, when one dirigible dropped 90 incen- 
diary bombs. The eariy incendiafies used by the Ger- 
mans in their air raids over London and Paris were made 
from a mixture containing manganese dioxide and 
magnesium. Later, the French used sullur-bound ther- 
mite, a mixture of lion oxide and powdered aluminum, in 
an incendiary drop bomb The British were the first to 
develop incendiary bomb clusters, which could release 
either 144 or 272 bomblels. A Oe htavfiand tmntier 
could dispense up to 860 of these 6 5 oz incendiary 
bomblets, and a Handley-Page V bomber could dis- 
pense up to 16,000. By flying in formation, these 
bombers could cover a large arse with a blanlwt of 
burning incendiary materials. 

ff. World War I. Flamethrowers were first intro- 
duced by the Germans on the French front on 26 June 
191S. Their weaponwasacyindrioal steel vessel about 

61 ceMtimeters (2 fcGft high and 38 centimeters 
(15 Inches) in diameter, fitted with carrying straps. 
Internally, the cylinder was divided Into a compraesion 
chamber and an air reservoir. A short hose carried the 
fuel to the nozzle where it was ignited. The propeilant 
was nitrogen. The fiery spurt of burning oil, the roar of 
the flame, and the tiiliowing clouds of biadt smoite had a 
terrifying effoct on troops in trenches Usiog this pro- 
totype of the modern portable flamethrower, the Ger- 



mans drove hadt a British rifle brigade from trenches 
near Ypres. Belgium, in 1915. The Americans used a 
heavy viscous tsr and a more fluid, flammable liquid 

such as crude benzene for their flame fuo: mixture A 
hydrogen oMot lamp at tf>e flamethrower nozzle was 
used to ignite the flame fuel. The World War I flame- 
thiowers had a range of about 30 meters. Although 
effective fo' assaulting fortifications, the flamethrower 
was also very hazardous for the operator because of its 
Short range. 

gg. Woria V\/ar I. Smoke munitions were used 
both on land and eeabythe beNlgerent powers In Worid 

War I. In July 1915, the British were the first to use 
smoke pots, which were filled with pitch, tallow, blad< 
powder, and potassium nRrate. The first laige-scale 
smoke operation occured on 20 Septeml)er 191 5, when 
the Canadians fired several thonsand smoke shei's 
from trench mortars during the attacK against Messines 
FUdge. Although very successful against the Germans, 
the British and French tanks of World War I were capa- 
ble of travelling only lour miles per hour, which made 
them very vulnerable to artillery fire. The British Tank 
attack at Cambrai on 20 November 1917 was supported 
by intense artillery smoke sheliinq which enabled 350 
tanks to break through the German lines. On 1 5 June 
1918, the Auslrtansussd smoke toso«en their crossing 
of the Piave River, from Vidor into San Giovaoni *rom 
Italian machine gun concentrations. The Ailies generally 
used white phosphoms (WP) to fill their smoke shefls; 
whereas the Germans, because of a shortage of phoS' 
phorus, used a mixture of sulfur trioxide in a chloro- 
suitonic acid solution. The Germans used this type of 
smoiw (F8)tosuecessfuly screen their warships during 
the battle of Jutland in 1916. Later, ttie United States 
adopted FS smoke for use in spotting rounds, for lK)uid 
chemical agent shots, and in tfrpiane smoke tanks. FS 
was reclassified obsolete m November 1975 because 
WP was considered better for marking targets and FS 
droplets from aerial spray destroyed the nylon fabric in 
parachutes. Titanium tetrachloride (FM) was also used 
as a filler for spotting rounds during both worid wars, but 
was removed from the US inventory t>ecause of its high 
cost. ln1918,tanl«canfiedcontirinersfiledwithchemi- 
cals. which when injected into the vehicle exhaust sys- 
tem formed a cloud of screening smoke. Sulfuric acid, 
chlorosulfonic acid, oleum, and crude oil were used as 
the smoke screening agent in these eariy smoke 
generators WP hand and rifle grenades were used by 
the infantry for screening movements. The mam disad- 
vantage was the dsngsr of tho ussr bsing expceed to 
falling particles Of burning white phosphorus, which is 
also an incendiary. WP grenades were reclassified 
obsolete in November 1975 by the US Army. 
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hh. WortdWart. fnoendtary artllery shells and 

rifle bullets were introduced in 1915 to set fire to build- 
ings, supply dumps, and enemy observation balloons. 
The Genmarw used sodium in their 17.5 centimeter 
artillery shells. They also uasd ttiennne or an 
aluminum thermite mrxture in t^oir other artillery 
rourKls. The Allies used thermite most frequently. 
Thannite Incendiary grenades were Issued to raiding 
parties for hasty destruction of captured enamy 
weapons that could not be retrieved. 

ii. Worid War I. Pyrotechnics for battlefield illumi- 
nalion were used extensively during World War i. The 
Britic;h alone used 10 million position light llMS per 
month. The art of makinq illuminants had been 
neglected after the reign of Lx}uis XIV until the twentieth 
century. In 1913, the Qennaii Knipp Works developed 
an illuminating projeci'e which they called a searchlight 
Shell and which later became linown as the star shell. 
The Aral ster shell contained six smal tubes, called 
stars loaded with an illuminating composition. The 
mixture used was similar to that in the white Bengal 
lights for fireworks displays; but ribbons of magnesium 
were substituted for anttnony powder. A toMed 
parachute was placed in the bottom of each tube. The 
projectile was fired from a cannon or mortar. When the 
projedile reached a height of 300meters. a mechanical 
time fuze set o*' a small black powder charge releasing 
the tubes from the shell and igniting the pyrotechnic 
mixture. Springs were used to open the parachute 
instantly, and the tube with Hs burning starlloBled slowly 
to earth. The illuminating material burned very brightly 
for 45 seconds to several minutes depending upon the 
model. The French constructed a similar projectile con- 
taining eight cylinders, which was fired from their 155 
millimeter howitzer. However, they preferred using 
txjming-type fuses to set off the powder charge in their 
star shells. Later, the Gerrmms replaced the ster tubes 
with a six-sided prism which W3s more compact and 
could be adapted for use with rifles, special pistols, and 
laitgecallber carbines. By using plates to retardthetall of 
the star, more spar e was made available in the star tor 
storing the iliuminating mixture md a light of greater 
intensity or longer duration was obtained. The Italians 
used a hand-held, heavy pasteboard tube to discharge 
a sheet-iron starshei^ tube which expelled its illuminat- 
ing parachute flare. This tiare burned about 40 seconds. 
Many dwrerent iluminaiing devices were developed and 
used by both sides, but perhaps the simplest and most 
useful for trench warfare was the illuminating grenade. 
Thus every soWiw on night patrol had his own device for 
Ighting his sector, and exposing the advancing enemy 
to aimed gunfire 

jj. World War L During World War I, pyrotechnics 
for signaling included colored smoke cartridges, can- 



dles, flarse, straamers or trails, star signals, and night 

signals Four general designs of firework devices were 
in constant use by the French and the British armies. 
These devices were Very-type signal pistols, rifle lights, 
rodtets, and ground or position signals (e.g. candles). 
(The same t\'pe of devices we'e used for illumination.) 
The signal-pistol cartridges used by the French were 
fitted with delay luzes, which effected the ignition when 
the projectile reached its maximum height. Some reali- 
zation of the development in pyrotechnic construction 
due to the war may be had by considering the latest 
production of the French 35-millimeter signai cartridge, 
which included 14 varieties or comhination<^ nt signals 
Upon entering the war, the United States adopted many 
Of the French signals for Army use. This was mainly 
t)ecause the American forces were to operate in the 
French sector, which necessitated an irientica! system 
of signals. Generally, the fireworks ana devices 
employed by the Germans were simjiiar to those of the 
French, but there was an important difference in the 
method of construction for the signal-pistol cartridge. 
The Gernian cartridge was Ignited just after emerging 
from the barrel of the pistol. Rockets mounted on sticks 
for stabilization during flight were employed by the 
Ales, The Germans followed Congreve's construction 
in the use of metal, but modified the design to eliminate 
the use of a stick. In the German rocket, the openings for 
escaping gas were in the base. Before the outbreak of 
the war. the art of pyrotechny had reached such a point 
that little difficulty was encountered in securing 
adequate mixtures for the various colors required in 
signaling. Oiffsrent colored flares had been used for 
many years commercially. The railroad companies reg- 
ulariy employed pyrotechnic devices, such as red rail- 
road fusee, while blue light pyrotechnics were used for 
signaling at sea. The coiors used by the Alles Included 
red, green, yellow, blue, black, various numbers of white 
stars, and changing coiors. The Italians used a tri-color 
parachute ttare. which emitted red, white, and green 
colors. The Italians also developed a hissing ftare. 
which when suspended from a parachute, burned with 
a hissing noise audible over an area of 3,000 meters 
(3.284 yards) in diameter. This was found particularly 
effective as a gas alarm . Some oftheinqredentsusedin 
the WW i pyrotechnics were aluminum, potassium 
nitrate, sulfUr, antimony sulfide, antimony metal, dex- 
trine, meal powder, barium chlorate, potassium Chlo- 
rate, fine charcoal, barium nitrate, red gum. paris green. 
Shellac, sodium oxalate, magnesium carbonate, stron- 
tium cartwnate, calomel, copper oxychloride. calcium 
caitonate, sawdust and grease mixture, sugar, lamp 
t>lack, ultramarine blue, paranitraniline red, lactose, au- 
ramine, chrysoidin. synthetic indigo, phosphorus, 
paraffin, and araenic. 
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2-8. Developments after World War t througli 
WovMWam. The most complicated task conrronling 

the US Army Ordnance Department at ttie end of World 
War i lay in the field of ammunition. Combat experierice 
had shown the inadequacies of the ammunHlon used in 
1917-1918, wtiich were inaccuracies, failures, lack of 
safety features and a host of needless complexities. 
But whereas the combat arms could specify exactly 
wtiat the gun and veliicte requiremertts should be, Iheir 
recommendation? for the development of explosives, 
propellants, projectiles, and fuzes had to be couched in 
general terms. Here were basic research problems lhat 
ammunition experts had to define. Often Ihey sought 
interim solutions, and watted until greater knowledge 
could supply better answers. Hence the ammunition 
designefs had free reign within tMdgetary limits. Over 
the ?o ynnrs between the two world wars, the Army 
dedicated more money to the ammunition program than 
to any other development work. During these two 
decades. RDX. PETN, EDNA, DEGN, lead styphnate, 
and dextrinated lead azide were developed as military 
explosives. The development in the United States of 
processes for producing toHiene from petroleum 

removed Imitations on the availability of TNT. ard pc- 
mitted development of the powerful and castabie explo- 
sives like composition B and pentolite. Rashless pro- 
pellants were developed in the United States, and low- 
erosion DEGN propellants were developed in Germany 
and Italy. Diazodinitrophenol was developed as an 
initiator in the United States, and tetraoene was 
developed in Germany as a npw explosive ingredient of 
priming compositions. World War II (1939-1945) saw 
the devefopinent of rocket propeNants based on 
nitrocellulose-nitroglycerin or nitrocellulose-DEGN 
mixtures, and the use of nitroguanidine in artillery pro- 
pellants. New special-purpose binary explosives, such 
as tetrytol and picratol, were developed for use in demo- 
litions, chemical bombs, and semi-armor piercing 
tx>mbs. A number of plastic explosives used for demoli- 
tion work were devetoped in Great Britain and the United 
States, the most important being the C-3 composition 
based on RDX. The discovery and great value of the 
blast eftect of explosives led to the development of 
tritonal, torpex, and minol. which contain powdered 
aluminum and have powerful blast effects In the spring 
of 1943, EDNA or haleite was adopted for testing pur- 
poses aifterthe DuPont Company, wtiile urMter contract, 

overcame the problerr o.f manufacturing ethylene urea, 
one of haleite's intermediates. But it was not until the 
end of the war that production of haleite could get 
started. Incendiaries were found to be even more effec- 



tive than high-blast explosives m the destruction of 
cities. By using improved fire bomt>s fHled with thickened 
or gelatinized incendiary oil or gasoline mixtures, and 
large clusters of incendiary bomblets filled with thermate 
(an improvement of the WW I themiite), the US air 
forces were able to literaly set fire to cities like Dresden 
and Tokyo. Flamethrowers and smoke munitions were 
used extensively by kx>th sides Finally, the extensive 
use of armor during the war led to the deveiofiment of 
anti tank weapons, armor-piercing shells, and shaped- 
charge munitions. The application of the shaped-charge 
principle resulted in the use of special explosives of the 
pentolite type. 

a 79/8-/539 Ammunition research in the first 
postwar years was inspired not only by new require- 
ments, but also by the problems encountered in pre- 
serving ammunition, especially propellants. stored after 
the Armistice. Research proceeded in three areas 
determining the stability of smokeless powder, studying 
the effects Of (ong term storage on stability, and creating 
more efficient methods of drying A good deal of valu- 
able information on these substances was assembled at 
Picatinny Arsertal, NJ, before 1926. notably that on 
feasibility of the vapor method of drying, which reducmd 
drying time from months or weeks to days But a more 
permanent solution of some phases of the powder stor- 
age problem would be to devetop new non-hygroscopic 
powders, which because of their chenmcaf composition 
would not absorb enough moisture to affect their ballis- 
tics or chemicat stability even when stored in a damp 
atrTK>sphere. If, at the same time, flashless and smoke- 
less qualities could be incorporated, the advantages 
would be even greater. Thus the search for flashlesa 
non-hygroscopic (FNH) powders was vigorously 
pushed The DuPont Company, under a special agree- 
ment with the Ordnance Department, followed one route 
of investigation, while Picatinny Arsenal followed 
another. Each achieved considerable success. The 
peacetime development of complete single-base and 
double-base non-hygroscopic powders, flashless in 
mmy weapons, was one of the most useful aocom* 
plishments of fio O dnance Department before 1940. 
Traditionally, British propellants have been of the 
double-base type developed prior to World War II and 
deaigraited as cordites The cordites were made up of 
varying percentages of nitrocellulose nitroglycerin, and 
mineral jelly. The mineral jelly (petroleum jelly or petro- 
latum) acted as a stabilizer. A sample of British MO 
cordite has been found to be o^ appa'enily unchanged 
Stability after 30 years of temperature-climate storage. 
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The March for a oompound that imas both amokalees 

and flashlpss had its beginning in the requtrenent 
) e8tat)lished t>y the US Army Ordnance's Westen^elt 
Board In 1910. In thaaartylSSKys. ordnance edenltets 
oNeredttte using arms samples of nltroguanidne. which 
to a degree unotjtainable in any other known propellent, 
had both properties. But nitroguanidirve gave ott such 
nwkxisammoniacal fumes in oomtxjgtionthattheReld 

Artillery' vetoed i's use The Ordnance Department, with 
no customers in prospect, then atMndoned aH thought ol 
building plants to mako nHroguankflne. But arnmuniHon 
specialists found no satisfactory substitutes. Adding 
potassium sulfate to propellents for antiaircraft fire 
where flashlessness was all important, helped to solve 
that |]ioblem. Howevar, It was noanawer to the demand 
for a complpteiy smokeless and ffashless propellant for 
field artillery where smoke would obscure a gunrter's 
vision and muzzle flash would reveal the tank or battery 
poaiKon. 

b. 1918-1939. Between the two world wars very 
Utile was done in the United States to develop the art of 
rocketry and rocket propellants. A golden opportunity to 
assume leadership in this field was missed when just 
before the Armistice tn 1918. Dr Robert H Goddard. 
Professor of Physics at Clark University, demonstrated 
a alwukfer-flrad "raooMess gun" or "rocket gun" at 
Aberdeen Proving Ground, MD The results of Or. God- 
dard's demonstration were summarized by Ordnance 
Department witnesses as proving the validity of hisoon* 
cept of modem rocketry. However, the lack of suitable 
powder and the need for further work on the electrical 
fihng mechanism along with the Armistice led the 
Ordnance Department to shetve the project. Goddard 
died without receiving any acclaim for this pioneering 
work, although comparison of his rocket gun vMth the 
bazodca adopted 24 years later shows how closely the 
1918 model resemt)les the later weapon. During the 
I920's neipo' trinitrate or tnmethylolethane trinitrate, 
used as an ingredient in rocket propellants in World War 
II. WW prepared In Italy and Qennany. In 1931, Itia US 

Army created a one-Tian rocket unit by as'^igning Cap- 
tain L^ie A. Skinner to study the possibie use of rock- 
ets. Skinner was handicapped by limliad funds for 
research, and by the indifference of superiors. During 
the mid-thiriies, the British began more intensive 
research on anti-aircraft rockets in anticipation of mas- 
sive bomber air raMs upon their oMaa. In lha meanliine, 
the Germans made great strides in the development of 
rockets and missiles and the attendant propellants. This 
wasaapeoMy due tothe work of Wtamher von Braun in 
tha late 1930's. 



c. 7920. Cardox. a davioe for breaking coaf In 
gaseous mines by the preaaiire produced on healing 
liquefied cartx>n dioxide, was developed Similar 
devices were developed in the United States in 1930. 
and wera improved upon in 1955 (Hydrax) and 1950 
(Chamacol). 

d. 1927. Diethyleneglycol dinitrate was 
thoroughly examined by W. H, Rinkenbach. and the 
ounent method of praparaUon was patented In 1928 by 
A. Hough. 

e. 7930-7937. Dextrinated lead azide was 
adopted for use by the US Army, and began replacing 
mercuric fulminate in pnming compositions. 

f. 1931. 2.4-dlnilroteliMne (2.4-DNT). oblainad 
earlier as an impurity In crude TMT, was used In soma 

aicplosive mixtures 

g. 1935. From the 1920's onward, scientists at 
Pteallnny Arsenal had bean trying to Ibid a compound 
that would have the high brisance of RDX wittiout ttie 
sensitivity to friction and impact. Research on this prob- 
lem, principally by Dr.George C. l-iale, chief chemist, led 
to the disoowefy of aOiylanadinlliamina (EDHA or 
haleite) the first entirely American high explosive More 
powerful than TNT, EDNA was slightly less powerful 
then RDX but was also lass sanslllva. CDMA's stflbMty 
gave it an important advantage In consideratioos of 
manufacturing loading storage transportation, arxJ 
field use. Designated haieite, in honor of Or. Hale, this 
new expkMlve oould be pr e s s 4o a dad into anWN ahalis 
without a desensitizir^ agent and its derivative, 
ednatol. a mixture containing 42 percent TNT. coukJ be 
melt<k>aded into large shells as easily as amatol. These 
advantages were offset in prewar days by the high man- 
ufacturing cost of one of its intermediates, ethylene 
urea. Delay in solving manufacturing problems pre- 
vented haleMa tnm galling Into combat in World War II. 

h. 1936. Primacord, based on a French patent 
was developed by the Ensign-Bickford Company CT. 
Pnmacord consisted of PETN covered with textiles, 
waterproofing material, and ptasttoa. TNadatonaling 
cord had a velocity of 6,405 meters (21,000 feet) per 
second, and has been used extensively by tt>e armed 
fofoas for demolition work. 

I. 7937. Baratol, a mixture of barium nitrate and 
Ti^, was devatopadbytfteBrfiiahanduaadaxtenaivaiy 

in WW II. 
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j. World War II. High Explosive Bombs. When 
World War II began in September 1 939, the standard 
United States filler for high explosive bombs was trini- 
trotoluene (TNT). On 5 June 1940. the United States 
rtttosMd 8.000 ivwtrie tons (9.0(X> siKirt tons) of TWr to 

the British under Lend Lease. This came out of a man* 
ufacturing surplus of only atwut 9,000 metric tons 
(10.000 short tons). Most of the war was fought by 
United States with bombs standardized in 1941. The 
earliest departure from TNT for the fillings was RDX, an 
explosive known for its great power and brisance but 
g o n o faHy consktoiBd too oonotttvo. Tho BfMsh hsd 
developed a method of using beeswax to desensitize 
the RDX, and used this filler with terrible effect in the 
2-ton "bloddxjster" bombs dropped on Berlin in April 
1941 . During ttie following summer, Air Marshall Arthur 
Harris had pressed for large-<;calp production of RDX in 
America. The United States Navy was also interested in 
me etqMve tMcause of to effectiveness undsr vMder, 
especiaify in : .nixture with TNT and aluminum called 
torpex. But the United States Ordnance Department, 
whHe willing to start piodudion for tlw Britisli and liie 
Navy, held back until May 1943 on the use of RDX in its 
AAF (Army Air Force) tx>mbs, and then adopted only a 
less sensitive mixture with TNT krtown as RDX Com- 
poelion B. This first eignfficant change in twmb-loeding 
came about as a result of AAF insistence \ha\ the large 
fragmentation bombs developed in 1943 would need 
the greater ponver of RDX Composition B to burst their 
thick walls with the greatest effect Henceforth, Com* 
position B was used in only about 40 percent of the 
ger>eral pupose bombs. The reasons were twofokl. 
Rrst, the than supply caused by competitkan between 
RDX, and high octane gasoline, and synthetic rubberfor 
production facilities and, second, the tendency of Com- 
position 6 to detonate high-order without fUze action 
under the shock of impact. RDX was more pror>e than 
TNT to prematurely deflagrate (decompose rapidly 
without OBlonalingj when employed in delayed-action 

Iximbs dropped from high allitudse. In the war-long 

aigument over the relat-ve merits of blast and fragmen- 
tation, the pendulum now began to swing back toward 
Ijlast partly because by 1944 the AAF would have air- 
craft capable of delivering larger and heavier loads. 
After 1943, the new aluminized fillings were of far 
greater interest than either RDX Composition B or 
ednaioi. Linlil WW il, the use of aluminum in explc^es 
had not been extensive Tests in 1941 in England had 
failed to indicate any significant difference between 
aluminized mpiosives and rnialoi or Composition B. In 



1943, the discovery that German bombs containing 
aluminum were extremely effective spurred research. 
This led to the development of minol, a mixture of 
aluminum with amatol, and tritonal. a mixture of 
aluminum wllh TNT. For their 2-ion Moekbuster bomb. 

the British favored f^inol 2, a mixture of 20% aluminum, 
40% TNT, and 40% ammonium nitrate; and they 
requested that Minol 2 be used in tfieir btoddb u ster 
bombs being loaded in Ihe US. The British, by using new 
methods of blast measurement and interpretation, had 
learned that Minol 2 produced an area of demoliticm 
approMimalely 30 percent greater than ttie area 
obtained with a TNT filler. US Army Ordnance techni- 
cians had independently arrived at a simiiariy high 
opirrion of the blest effect contributed by aluminum. 
They arrived at this conclusion by comparing the per- 
formance of one- and two-ton blockbuster bombs 
k>aded with minol, TNT. ednatol. and the RDX mixtures. 
In compering minol and triionei, they prefsmsd tritonal, 
because it contained no ammonium nitrate. When even 
the slightest degree of moisture was present in tfie air, 
aluminum acted on ammonium nitrate and produced 
"spewing" (the evolution of hydrogen gas) and explo- 
sions. Tritonal was much safer, and the British were won 
over to it. The AAF adopted tritonal for large, light-case 
bombs for Jungle warfare, and for all general purpose 
tx>mbs. Other bombs were filled with explosives suitable 
to their partwular purposes. For frc^mentation bomb^;. 
RDX Composition Bcontinued to be the prefened fi II 
t)ecause it had more brisance than tritonal. The US 
one-ton semi-armor-piercing bombs developed m early 
1944 were k>aded with pk:ratol, a mixture of 1 NT and 
ammonium pleraie, or with Explosive D. Explosive D 
was the least sensitive to shock and friction, which made 
it the best explosive to mix with TNT in a bomb that had 
towithstandseveieshocic and stress before detona:iriy 

k. VitorMWartt.Rw9neNllmllonofTNT. During 

1941 and 1942 the inadequate supply of TNT tor high- 
explosive t)ombs and shells was a mafor problem for 
Ordnance. Because the shortage had been forsseen, 
plans were made to use a substitute explosive called 
amatol (a mixture of TNT and ammonium nitrate) for 
shell or bomb k>ading until new TNT plants came into full 
praducllan. Even so, a crittcal shortage of TNT 
developed dcsoite these plans. But the shortage sud- 
denly disappeared when a new process appeared on 
ttie scene almost by accident During an inspection of a 
small Canadian TNT plant at Beloeil near Montreal in 
1941 , LTC John P. Hanis of Ordnance disoovered that 
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the plant was "doing things bacicward" by putting 
toluene into the acid instead of putting acid into the 
toluene. Despite some resistance by US TNT pro- 
ducers, the new piooess «ras tried at the partly built 
Keystone Plant at Meadville, PA The result was a f rip- 
pling of TNT output, Unes designed to turn out 1 6 tons a 
day produced more than 50 tons a day. The need for 
TNT substitutes vanished, and the oost per unit was cut 
in half. 

I. World War II Toluene from Petroleum. 
Development of a new means of producing toluerve, the 
basic material from which TNT is made, was another 
highly significant technological advance of World War II. 
The importance of this chemical stems from tne fact that 
nearly half of every unit of TNT (trinMrololuene) must 
come from toluene. In WorldWarl, toluene was derived 
from coal as a by-product of coke ovens, and some was 
extracted from natural gas. Yet tl>e supply in 1917-18 
was so limited that the Assistant Secretary of War, Ben- 
edict Crowell, later called this shortage "the greatest 
and most pressing of all the problems in regard to exist- 
ing raw materials." In contrast, during World War II 
high-explosives production was never senoijsly ham- 
pered by lack of toluene. As early as 1 927, Standard Oil 
of New Jersey had obtained patent rights from a Ger- 
man firm to use a process for producing toluene from 
petroleum. In 1939. a contract with Standard Oil was 
placed by Picatinny Arsenal to prepare toluene by this 
process at Baylown Ordnance Works, which was 
erected next to tf>e Humble (a Standard Oil subsidiary) 
refinery in Baytown, TX. By Octot>er 1 942 this plant was 
producing toluene at the rate of 246 million liters (65 
million gallons) per year, which when compared with a 
total toluene production of less than 34 million liters (9 
million gallons) in the US duhng 1918 shows us the 
value of this process. 

m. World War II. MXery PmpeHants. The prob- 
lem of obtaining artillery propeilants that were both 
flashless and smokeless continued to plague the U.S. 
Anmy. Early in (he war, the Navy seized upon nitro- 

guanidme as the one feasible answer to novel condi- 
tions oi combat. For the first time, American ships in the 
Pacific were preparing to fight in small hartxxs wfiere 
maneuvering was all but impossible. Flash at night 
betrayed the vessel's position, and s mok e by day made 
second rounds inaccurate. Neg<^ations with Canada in 
1943 for the purchase of nitroguanidlne, from the one 
plant upon which Grirish and Canadian forces worn also 
depending, suo^eeded in meeting Navy needs but left 
no surplus tor His US Army. Ths Army Ground Forces 
wsfs not convinced of the value of this propellant until 



shortly befbre D-Dey. By ttwn. urgent demand could not 

allocate facilities to produce nitro<]uantdine in large 
quantities, and the Ordnance Department could only 
procure small lots for testing and experimental firing. 
Whatever the advantages of nitroguar d r e neither it 
nor any other composition was ideal for all purposes. 
Even in conventional artillery and small arms ammuni- 
tion, where ballistidans understood propellant behavior 
better than m rncl<ets and recoilless rifle ammunition, 
compromises were inescapable. The pnmary requiste 
for one weapon or one palicular use tended to be 
different from every ottier weapon or use. In addition to 
tttese problems, World War II introduced the problem of 
climate extremes at whk:h firing had to take place when 
AMed troops were flghUng in arid deserts, damp jungle 
heat, or in the subzero winter weather of northern 
Europe and of the Aleutian Islands. Therefore, a series 
of propeNanls vmto n e ed e d to cover widely varying con- 

tingencies. SincP basic research as well as prolongfjd 
applied research was necessary, many problems 
remained unsolved at the end of the war. But the field 
was explored more thoroughly than ever before in the 
United States, and lines of investigation were clarified 
for postwar development. In processing propellents, 
industry and the Ordnance D^rtmsnt made consider- 
able advances during the course of the war. One new 
method devetoped by the Hercules Powder Company 
fbr washing nitrocellulose in a continuous filler instead 
of in large tubs by the old "settle and decant" system, 
washed the nitrocellulose more thoroughly and thus 
improved the stability of nitrocellulose. The DuPont 
Company found that using preheeted alcohol during the 
winter to dehydrate nitrocellulose reduced r^a hydration 
time cycle, improved the yield, and made for a more 
unHbrm product This In turn produced a much better 
powder. The Radford Ordnance Works carried on 
extensive experiments to improve manufacturing and 
testing techniques as well as for finding better chemk:ai 
composMione. Yet in the spring of 1945. reports from the 
Combined Intelligence Objectives Subcommittee, 
establistwd to locate data in Europe on Axis research 
end menubcturingprooedures. indiceiedllurt Qei inany 
had developed several processes more effecihre than 
those of the United States The most novel German 
method was one of casting propellant grains by adding a 
paste of motot nilrocelluloee end diethyleraglyool dlni- 
trate (DEGN) to molten TNT and pouring the mixture 
into Steel molds to cod. Grains as large as i ,000 mil- 
limeters werooastthisway. Aflerthewar, complete sets 
of the German equipment deemed most usehji and 
novel went to Picatinny Arsenal for study. 
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n. World War II. Wood Pulp and Cotton Linters. 
Before the war, the standard praeiioe for making 
smokeless powder called for the treatment of bleached 
cotton linters with a mixture of nitric and sulfuric acid. In 
(he summer of 1941 , It became apparent tliat even with 
a good cotton linters crop and capacity operation nr 
bleacheries, the supply of linters for powder would fall 
short of requirements. Ordnance chemists, therefore, 
turned to the use of a special wood pulp that was avail- 
able in quantity, was suitable for most kinds of powder, 
and was cheaper than cotton linters. The Hercules 
Powder Company had made smokeless powder from 

wood pulp for a number of years, and Ordnance found 
the product completely acceptable. Use of wood pulp as 
a supplemental, but not a replacement for, cotton Knters 
was approved promptly except for rifle powder and oer- 
tain other uses. Soon most plants had one or two lines 
for nitrating cotton, an equaJ number of lines for nitrating 
wood pulp, and several "swing Knes", which were 
adaptable for use of either materials. From January 
1942 to the end of the war, Ordnance plants used 
roughly equal quantities of cotton linters mdwood pulp. 
There was never a concurrent shortage of both mate- 
rials, although there were times when the supply of one 
ran low or was expected to run low. At such times. 
Ordnance drewupon Its Inventories while converting the 
s wing '-nes to rneef the situation. The use of wood pulp 
doubled the existing supply of celluk>se for powder, and 
eNmlnaled a serious poterilial bottleneck In ammunition 
production. 

0 World War II. Rocket Propellants Difficult 
though the US program was for improving propellents 
for eonvenflonai weapons, the quesddn of developing 
suitable rocket propulskm was alii harder to answer. 
From the very l)eginning everyone concerned with 
rocket research agreed that single-t>ase powders would 
lack the necessary energy and that doubie4»ase pow^ 
ders, that is nitrocellulose and nitroglycerin combined, 
must be used. DouWe-base powders, made by the sol- 
vent process, had been manufactured in the United 
Stales fbra numtter of years for use in intermediate and 
large caliber artillery The method used a solvent of 
acetone and alcohol to make a colloid, from which 
grains or flakes could then be formed. About 1939, the 
Hercules Powder Company found a way of producing a 
solventtess double-base propellant. which was plas- 
ticized by heet and pressure and then rolled out into 
sheets for mortar Increments. But neither was adaptable 
for rockets where a solid stick or grain, not sheet pro- 
pellant, was needed, and where the essential quality of 
unifbrm tiumkig precluded using a grain wilfiout so 



much as a hair crack or fissure. Even a tiny crack in a 
burning grain of powder woukf create piesaure peaks at 

particular spots of the encasing rocket mortar tube ar>d 
thus either burst the tube or cause erratk: poputaion. 
Consequently, to get a safe usable rocket propellant 
fnadc by the solvent process meant using grains of 
small cross-section (in technical phraseok>gy, thin- 
webt^ed powder) in which malformations occuring in 
drying wouMbefewandirispection could be exacting. A 
method of manufacturing solventless double-t)a8e 
propellant by a dry extaision process had been 
developed in the late 1990^8 by the British. This pro- 
duced much thicker-webbed, i^nd therefore lonqer- 
buming, grair^, but required erx>rmously heavy presses 
to extrude or compact, and force out the propetant kilo 
tfie desired shape. 

p World War II High Exp'osive Ar'iilery Projectiles. 
Considerat}ie power combined with sensitivity, which 
made for easy kiading, stability, and safety in handling 
and transport, made TNT and amatol the preferred high- 
explosive fillings for most high explosive artillery shells 
at the outset oi World War Il.This was largely due to ttieir 
availabWty in large quantities. As tiie war progressed 
and ammunition became more complex in design and 
more specialized in function, demand arose for 
improved expk)sives. This demand could not be met to 
arty extent t>ecause the explosives developed between 
wars did not get into large-scale production in time. 
Nevertheless, thoughout the war ttie US Army 
Ordnance Department sought ways of using more pow^ 
erful new explosives, and ways to adapt old ones to 
special puipoees. There were at hand several explo- 
sives of higher shattering effect, or Ixisance, than TNT. 
The most important were, first, cydotrimethylene trini- 
tramine, which the Americans called cyclonite and the 
British called RDX ( Research Department Explosive"); 
second, pentaerylhrHol letranHrele or PETN; end tiiird, 
EDNA (later called haleite). RDX and PETN were too 
sensitive to be used In the pure state in a shell. There- 
fore, to fbrm usable compositions it was neoeesary to 
combine them with oils or waxes or with other expk>- 
sives. The Bntish had managed to desensitize ROX tyy 
adding nine percent k>eeswax to form Composition A tor 
press-loeding kito sheHe; with 39.5 percent TMT and 
one percent beeswax to form Composition B, chiefly for 
bomb loading; and with 1 1 .7 percent of a plasticiztng oil 
to form Compoeitton C, for demolitton work. These for- 
mulas were provkted by the British to the US in 1 940, 
and development work was undertaken by the DuPont 
Company under contract of the Ordnance Department. 
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The most sensttive of all high explosives was PETN, 
which was even more raadHy detonated than RDX. 
PFTN was desensitized by mixing with TNT to form a 
composition named pentollte, which has been exten- 
sively used in delonalore, bazooka rodcets, rtlle gia- 
nades, boosting devices, and in the shaped chargeeof 
antitank shell? Because of production difficulties, 
haleite, \he most promising of the new high explosives, 
never saw much use in WOrid War ii except in the fomi of 
ednatoi in mixtures with other explosives. 

q WnrW War I! Arrnnr Piercing and Antitank Pro- 
iectiles. Much o< the work of improving high-explosive 
compositions was directed toward finding the meet effi> 
cient filling for anti-tank shells. For armor-piercing pro- 
jectiles, relatively insensitive ammonium picrate, 
"Explosive 0," had long been preferred. As it was not 
licely to detonate on impad, the shell could penetrate 
the armor plate before exploding. But experienre wHh 
heavy German tanks in North Africa showed that 
aomething more was needed in the way of power and 
fragment action coupled with greater incendiary effect 
within the tank. Chemists at Picatinny Arsenal accord- 
ingly tried several expedients. In armor-piercing sf>ell, 
addition of a small amount of powdered aluminum to 
C\'clotol (a mixture of RDX and TNT), to ednatoi or to 
TNT produced more bnsance than Explosive D and 
mcrs tt s od sensitivity to imfiact. In high explosive antl- 
tank shell t 'I ogs, conversely, the difficulty was the exact 
opposite. The high sensitivity of pentollte made it liable 
to detonation on target impact so that the problem was 
to desensitize it to the proper degree. Several pos> 
Sibilities considered were the addition of wax to the 
pentollte. the reduction of the PETN content, and the 
subsHtuHon of ednatoi or Composition B. None wes 
entirely satisfactory. The search for an explosive com- 
position of the greatest possible power and brisance 
took a new turn after analysis of foreign explosives at 
Pieafinny Aiaenal during 1943. hMherto. rBsesfch had 
been concentrated on binary explosive compositions 
such as pentollte. Composition B, or ednatoi. The 
examination of a Soviet 76mm high-explosive armor- 
pic'cinq round suggested the possibility of employing 
ternary mixtures. Tests revealed that castable ternary 
explosive mixtures, such as RDX-Tetryl-TNT and 
Haleite-PETN-RDX, offered promise not only for 
armor-piercing projectiles but as fragmentation am- 
munition foe weapons designed to produce blast, and for 
demolHfon chwges. Further study showed ttiat haleite 
ternaries were unstable The best combination seemed 
to be a mixture of PETN-RDX-TNT designated PTX-2 
(Picatinny Ternary Explosive). More brisant than any of 



the binary compositions. PTX-2 was more stabie than 
5(V50 pentoHto and less sensitive to impact. Preliminary 

firings at Picatinny indicated that PTX-2 would be par- 
ticularly adaptable to shaped-charged ammunition; txit 
PTX-2 was still in the testing stage at V-J Day. 

r. WorkI Mfiar //. Stmped Cfkarges. K no new 

explosive for artillery shell came into use during the war, 

a new way of employing explosives nevertheless did. 
The effect of a hollow-charge or shaped-charge projec- 
tile against armored targets was Unt successfully 
demonstrated by the bazooka and the rifle grenade. The 
intense forward jet of the charge, serving to focus part of 
the energy of the explosion in a imitsd area, gave to the 
light-weight, low-vekx:ity rocket the armor-piercing 
advantages hitherto possessed only by hiqh-veloclty 
artillery. The antitank rifle grenade, coniaining only 1 13 
grams (4 oz) of pentollte. would penetrate up to 1 02mm 
(4 inches) of homogeneous armor plate at a norma! 
angle of impact. The first rifle grenade to use this princi- 
ple was designsd by a Swiss Inventor, Henri Mohaupt. 
w^oso claims of inventing a "new explosive" had inter- 
ested the British In 1939. However, the price Mohaupt 
quoted for his discovery was considered too high and 
the British showed no further interest in his inventlan. 
Mohaupt then offered to show the United States par- 
ticulars of the construction of his device lor a fee of 
925,000 peid In advance. Caution on the Amoricon part 
further delayed acquiring the rights until a demonstra- 
tion by Mohaupt at Aberdeen Proving Ground, MD, was 
permitted in 1940, doubtlessly because Mohaupt pro- 
vided 200 grenadee for the demonstration. Army and 
Navy representatives who witnessed the test firings 
were convinced that this was indeed an important "new 
form of weepon." A similar proposal NevH M. Hop> 
kins, an American inventor, for a shaped-charge boflib 
had been rejected earlier by the United States 
Ordnance Department as not being a new concept. By 
citing a 1 91 1 British patent by Egon Neuman of the 
"Munroe-Neuman principle the Ordnance Patent 
Section thereupon showed Mohaupt's "secret ' to be no 
secretThus the Ordnance was able tooondude a more 
reasonable contract with Mohaupt's company than the 
Swiss had originally demanded. An adaption of 
Mohaupt's design later formed the basis for the M9A1 
antilank rifle grenade, and the 2.6-inch antitank 
"bazooka" rocket Application of the shaped-charge 
pnncipie to artillery naturally proceeded. The choice of 
howitzers was logical because their low velodty made 
conventional types of armor-piercin g projectiles ineffec- 
tive, whereas for a shaped-charge explosive low vek>- 
city was an advantage. Before Peart Harbor, in an 
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atmosphere of great secrecy, work began on a 
shaped-charge shell, specifically the HEAT" (high- 
explosive antitank) round, for the 76mm howitzer. The 
designers, paying careful attention to the length of the 
ogive, the fHler of 50/60 pentoli1», and the stiWdng velo> 
city, came up with a round of the sane length as the 
corresponding high-explosive round. The HEAT round, 
at a muzzle velocity of approximately 305 meters per 
second, would penetrate 76 millimeters (3 inches) of 
homogenous armor plate. A similar shell for the 105 
millimeter howitzer appeared simultaneously. Stand- 
arlzed in late 1941 , HEAT shells were produced in time 
to take part in the North African tank !-nri'rs f?ar1y in 
1943. The Ordnance Department had high hopes that 
the HEAT rounds would succeed in penetrating the 
heavy German armor plate that had defeated solid 
armor-piercing ammunition. Although sometimes suc- 
cessful, the performance of shaped charges was not 
dependable enough, in an effort to find out why, the 
Ordnance Department, with the help of the National 
Defense Research Committee (NORC) and the Navy, 
InMnsined Hs research. In some oases. obaervaiB HI the 
Md had blamed faulty manufacture, but inveslj^lors 
proceeded on the assumption that design of the round 
and the principle of operation needed improvement. 
Because of ihe diffsrence in behavior of the nonrotating 
rocket and the rotated shell 'hr effect of the spin was 
carefully studied as well as the method of fuzing. One of 
the most important discoveries was that an irtcrease in 
plate pene^on was directly proportional to an 
increase, up to approximately three calibers, in "stand- 
off distance, that is, the distance from the base of the 
oone to the target at the moment of detonation. Yet this 
finding was only a beginning, and ttie sokjtion to the 
puzzling behavior of hollow charge projecliiles was not 
found during World War II. 

s. World War U Smo/ire Screenktg Murtttions. In 
the spring of 1940, the Germans demonstrated the 
value of smoke to screen their advance when they 
t)litzed the Low Countries. Basic developments in 
smoice employment during World Vtar ii were Its use to 
screen river crossings, beach landings, paratrooper 
assaults, and rear area targets from artillery tire and 
aircraft observation and attacks. Prewar versions of the 
HO smoke pots were enlarged, and floating smoke pots 
were developed for amphibious operations Aircraft 
smoke tanks were developed for spraying liqutd smoke 
mixtures. Smoke generators were developed for 
screening large amas by vaporizing fog oil. White phoe> 



phorous (WP) was the ct>oice filler for most projectiles, 
but also had the undesirable disadvantage of some- 
times becoming an incendiary. Another disadvantage 
was that WP tended to melt in hot climates, which 
affsdedlhestabiMyof theroundinfliglft. Storage In twt 
climates also resulted in expansion of 'he WP anri sub- 
sequent leakage. Despite these shortcomings, WPwas 
very effective for building up smoke screens as particu- 
larly demonstrated by the 4.2-inch mortar battalions in 
Europe and the Pacific, Smoke bombs filled with WP 
and PWP were used extensively for spotting targets and 
for screening parachute drops. PlasHclzed WP or PWP 
was developed to reduce Ihe pillaring effect of tfie 
exploding munition found with pure WP. PWP is 
obtained by mixing WP with a very viscous solution of 
synthetic rubber to form a homogenous mass. For 
loading into munitions where a longer lasting smoke 
screen is desired, HC (hexachloroethane mixture) was 
prefsTred, e.g., smolte pots aiNl base ejection shells. 
WP -vas used in rifle grenades. HC was used in hand 
grenades US tanks in North Africa were outfitted ¥vith 
smoke grenade launchers to screen Ihe tanks Inra 
antitank Are. 

1 Wor!r! War II. Pyrotechnics for Illumination In 
1944, the Army Air Forces (AAF) made an important 
change in doctrine that affected munition development 
requirements when they initiated 24-hour t>ombing 
operations. Night bombinn. always favored by the Royal 
Air Force but hitherto opposed t>y the United States, 
gave new Importance to pyrotechntes. Aircraft flarse 
came close to the usual bomb design. The AN M26 
aircraft parachute flare, designed to provide illumination 
for night bombardment, contained its iluminant mixture 
in a round-nosed, finned-tail cylinder and developed 
600,000 candlepower for about three minutes. The most 
important development concerned high-altitude night 
photography, and martcers to identify targets at night 
The prewar M46 photoflash bomb gave only 600 million 
candlepower. Pk:atinny Arsenal experimented with dif- 
fersnt comb i nations of case, filer, and initiating system. 
The result was a photoflash bomb that produced 
approximately three times as much light as the M46. 
Target identification t)ombs grew out of a technkjue 
evoh«d by the British to Improve the aocuracy of their 
night bombing. Their "Pathfinder Forcp equipped with 
special navigational akls flew over a target in advance of 
tlie attacking force and dropped various kinds of can* 
dies and flares, some to illuminate the general area and 
others to mark the special target with color. One muni- 
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lion desigriad ifMcMcflly tor this work WW a 

bomb that ejected sixty-one pyrotechnic candles at a 
' predetef mined altitude. In the United States, the earliest 

fWMHnCn On WyW KWfMnCBDOn TTMuKwIo pfoOUOOO nVw 

boirbs of this type. All were modifications of the 250-tb 
general purpose twmb and differed one from the other in 
the type of candle they contained. The candles were 
small flares that burned with either red. green, or yeUow 
light for about three minutes Each target identification 
bomb released its k>ad oi these signal candle, which 
iDgBinsr mBOB a pwiwii or oonrwi nyin opproxirfMnBiy 
100 meters in diameter around or on the target. Those 
signal candies were designed to be visible irom altitudes 
as high as 35,000 feet. To keep the candles from being 
dbturt)ed while ttwy were on the ground, one type of 
candle had an explosive charge that wouW detonate at 
the end of ttie burning time of the candle, the time being 
ftom one fotwo minulHe. As the AAF extended Ms night 
operations, especially lo w-i e v el bo rr>bi rigandslrafingof 
illuminated targets by fighters and light attack bombers, 
need arose for ground burning flares that would produce 
amMinuin amount of smoke and thus leave the targets 
as dear as possfble For this purpose the Ordnance 
Department devek>ped flare bombs loaded with 
amolceleee unite. At the end of (he w«r Army and Mavy 

experts agreed that future developrf^ents must be aimed 
at greatly inaeasing the candlepower, burning time, and 
visttMlity of all pyotechnics, especially tfie photoflash 
boiiili. 

u. World War II. Pyrotechnics for Signaling. With 
the use of massive bombing air raids and dose ground 
support by the Army Air F orces canf>e the need for t>etter 
Signaling devices. Especially important were hand sig* 
nab for downed fflers. Survival kits were developed 
Which included colored smoke and dare distress signals 
for ttie aviators to carry. A autMlanltai improvement in 
the ground signals usedl)ythe Armed Forces was made 
when the US Army Chemk»l Warfare Service (CWS), 
now the Chemk:al Corps, made a change in the method 
of ooneoiidating the odofed amolce mixluree in the gre- 
nades used for this purpose The prewar Ml colored 
smoke grenades used a slow-burning mixture that 
burned about two minutes. In 1942, the Army Ground 
Forces established a requirement for a colored smoke 
grenade that would form a smoke visible at a slant range 
of 3,050 meters ( 1 0,000 feet) and last at>out or>e minute. 
By devising a method of ooneoNdaUng the pyrotechnic 
smoke mixture with heavy presses, CWS engineers 
were able to provkie a grenade meeting the Army 



Qfound Foroes* rei|uiiementt. Afler iimHod tealingt the 

new grenade was type classified as the M18 smoke 
grenade and was issued in four colors: green, red. vio- 
let and yellow. The M18 grenade remains the most 
wklely used signaling devk» for ground troops today, 
which is a remark able achievement considering that the 
Ml 8 was adopted for Army use within six weeks of the 
atatamant of ttie requirenienL This eama loacInQ 

technique was later applied to artillery bMO e ) 9C fl 0n 

canisters for marking boundaries 

V. Worid yVar II. Flame and Incendiary Munitions. 
In the intervening yeam from Wbrid Wtar I to VHM 

War II, the developrnent of flame weapons was Studied 
by most nations except the United States. During the 
Bhiopian War ih 1935 and 1936, the Italians employed 
the first armorea vehicle-mounted flamethrowers. The 
Germans employed a flame tank during the Spanish 
Civil War and in 1 939 used portable flamethrowers in 
Poland. Dieee mslances f¥Oved to the United States 

that the development of flame weapons could no lonrjer 
t>e denied In 1940, the US Army took steps toward 
developing a flamelhrower and a llamethrewer tank. 
These flamethrowers served an important role in the 
war in the Pacific particularly in dislodging the deter- 
mined Japanese soldiers from caves and fortifications. 
On Oldnawa alone, flamethrowers are credited wMh the 
capture or death of 20,000 Japanese soldiers who were 
holed up in the caves while less than 100 American 
flamethr o wer operators were MHed in the ofwrattons. 
The development of napalm ("nap" for the napthente 
adds and "palm" for the coconut fatty acids which made 
up the first type of this thickner) by the United States in 
1941 made poesibleihe greater use of gasoline for use 
in flame weapons This gelled mixture made it possible 
for aircraft to deliver fire bombs over hard-to-get pin- 
poinled areas and for flamethrowers to project a flame 
rod over a greater distance than was previously obtain- 
able. By August 1944 the United States AAF Board had 
come to the conclusion that where there is vulnerability 
tofire, tfiedamage by fire is greaterlhan by demolition," 
a conclusion, to be sure that observers had reached 
during the London blitz of 1 940 but which had not been 
acted upon. The decision of the Board in 1044 was to 
increase the incendiary bomb program to the highest 
priority. The United States Army CWS provided the 
Army Air Force with alx>ut 48 million Incendiary bombs, 
which were effectively used, especially on the large 
cities of Japan Most of these bombs were clustered 
bomblets containing thermate (TH3 and TH4), a new 
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incendiary miNbire, which replaced the original thermite 
mixture. When fgnited, thermate burns infen«?ely at 
2,200°C. Molten iron from burnirtg thermate will melt 
metal, bum through atsel plate, and ignite llammafato 
materials. Oil and metal incendiary mixtures, such as 
PT1 and PTV, were also used as fillings in large thin- 
cased t>omb8. PT1 is a complex mixture based on 
"goop, " a paste comprised of magnesium dust, mag- 
nesium oxide, and carbon with a sufficient amount of 
petroleum distillate and asphalt to form the paste. PTV is 
an improved oil and metai inoendtevy mixture of 
pofybutadiene oR^niinp nnr^nesium, sodium nitrate, 
artd p-aminophenol . However, napalm proved to be one 
of (lie most effective aerial incendiary agents in the war. 
On the evening of 9 March 1 945, more than 300 super- 
forts (B29 bombers) swarmed over Tokyo dropping 
atxxit 2.000 tons of incendiaries, mostly clusters of M69 
six-pound bomblets. The M69 bomblet was a tube wfiich 
conta'nnci n black powder propellant charge that ignited 
and projected the napalm filling from the tube. Aerial 
photos indicated 16 square mHes had been tnimed out. 
Tokyo police records, examined after the war, showed 
that more than 250,000 buildings were destroyed - 
about one fourth of Tokyo - in this one raid. More than 
100.000 tons of inoendlaries were dropped on the dties 
of Japan during World War II Most of those were M69 
bomb clusters. For destroying materiel to prevent 
enemy use. (he CWS developed a (hermate grenade, 
which was standardized as the AN-MI 4 TH3 incendiary 
grenade tor use by the Army and Navy. Harvard Univer- 
sity also developed a napalm fire starter (Ml), for use by 
troops to ignite fires in wet climates. The armament of 
the American heavy bombers was usually the .50 
caliber machine gun. During Workl War II, enemy fighter 
aircraft did not have amior plating capable of deflecting 
a .50 caliber bullet although, bullet penetration of the 
plane's armor did not necessarily knock out aircraft. The 
enemies use of self-seaNng fuel tanks necessitated the 
development of effective incendiary ammunition. Most 
urgently needed was an effective .50 caliber incendiary 
round. The first acceptable design was the work of the 
Remington Arms Company whose staff already had 
considerable expcr^nmc in working on Swiss patents 
for incendiary ammunition. The Remington develop- 
ment was based upon the British .303 B Mark VI Z. and 
was adopted in September 1 941 . The bullet was a flat- 
base type w!th lead base closure and steel body, and 
was charged with 35 grains of a incendiary mixture 
consisting of 50 magnesium alloy and 60 percent 
barium nitrate. An imp r oved design was developed 



shortly thereafter by Frankford Arsenal and was stand- 
ardized for United States use. 

2-9. Rost-Wortd War N Developments. The 

nuclear bombs that ended World War II did not end 
requirements for conventionaJ expk>sive8 and ammuni- 
tion. As was shown by the Korean War (1950-1953) and 
the Vietnam War (1964-1973), the need for the United 
States to develop even more effective munitions and 
more powerful explosives or energetic matenals 
became mom apparent 9mn ever. In spite of intensive 
effort chemists at the Army's laboratorie'; aocl arsenals 
failed during World War II to develop a new explosive 
composition for shell loading that was both satistactory 
and readily available in quantity. The obstacles were 
often disheartening. The characteristics of an explosive 
might be considerably affected by impurtttes that existed 
in the raw material or which were admitted during marv 
1 facture fo' example, the instability of PETN was 
probably due to impurities in the raw material, pen- 
taerythrltot. OMier variables that had to be taken into 
account were the different methods of testing composi- 
tions and the differences in interpreting results. Assum- 
ing a composition had been found that promised to 
combine greater bdsance with less sensitivUy. there 
was still the question of whether it could be economically 
manufactured, safely handled, and made unchanging in 
character in temperatures ranging from arctic coM to 
tropical heat. In the search for explosives with special 
properties, much work had been done in tt>e field of 
aluminized explosives, but, although aluminized TNT 
(tritonal) was used in bombs, much remained to t>e 
done. At the end of the war the Ordnance Department 
felt that deeper study of the fundamental properties of all 
high explosives was essential toeffectivedevetepments 
in the future. Some of the problems of finding suitable 
high explosives and propellents have been resolved in 
the decades folkiwing World War II. Other problems 
haveciopped up as llweNpaiKing techniques of mod- 
em warfare lead to more and more specialized require- 
ments for explosives and propellents. Future develop- 
ments may be expected to take the direction chiefly of 
mixtures of currently known explosives and other mate- 
rials. But in some cases, the requirements can be satis- 
fied only by new and more powerlul explosives which 
are presently being sought. As seen by the experience 
of the two world wars, scientists engaged in the field of 
energetic matenals must keep abreast of foreign 
technology and be prefiared to exploit technkal intelli- 
genoe. The everehanging and rapid advance of 
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techTKjlogy niakas it necessary to ahoiten the lead time 

from research and development to deployment ot new 
ammunition and explosives. But research and 
developmant is only the tip of tha iceberg; tha biggest 
axpenditures for materiel in the Anny go to the procure- 
ment and management of ammunition. An Army cannot 
fight for long without the right Jcinds of ammunition being 
awaHaMefn the necessary mbt and quantHiee needed to 
perform its mission. A responsive, flexible, viable pro- 
duction base and balanced inventories must be main- 
ttrinod to assura a strong readiness posture. With con- 
tinuing budget restraints, all those in the armamarHS 
research and development community must consider 
these restnctions and exercise close control ot the 
limited resources alocaied to them for this purposa. 
Therefore scientists and technicians working in this 
fieid must direct their prionties for research and 
development tothose projects with the best prospects of 
being t>enefldal to armed forces materiel readiness, and 
avoid projects that may have only marginal applications 
to wars of the future. 

a. 1945. PU (Pfcatfnny Uquid Exploeive), con- 
sisting of 95 percent ntt c methane and five percent 
ethylenedinitramine, v»^as developed at Picatinny Arse- 
nal t}y L. l-i. Eriksen and J. W. Rowan for use in mine 
Clearing. The Germans had used simHar liquid estpio* 
sives during Wortd War 11 under the name Myrof. 

b. f 945. Tripentaerythritol octanitrate was 
patented by J. A. Wyler of Trojan Powder Company. PA. 
for use as a high explosive and possible gelalinizer for 
nHrooellulose 

c. 1946-1949. Composition C-4, known as Har- 
risite, was developed by K. G. Ottoson at Picatinny 
Arsenal as a raplaoement Ibr Composition C-1 , C-2. and 
C-3. Composition C-1, C 2 and C-3 were the United 

• standard plastic ROX demolition explosives, and 
originally derived from Britian's Composition C, 
as developed during World War 11. 
d 1946-1949. Benite, a black powder substitute, 
was developed at Picatinny Arsenal for use in igniter 
compositions of artillery primers, or in base igniter bags 
for separate-loading ammunition. Benite is in the form of 
extruded strands consisting of ingredients Of Madtpow^ 
der in a matnx oi nitroceUuk>8e. 



e. 7946- 1949. Composition 0-2. which is not an 
explosive but asrves as an emulsifier ar>d desensitizer 

of explosives like HBX 1 wac do .'o'opcd Composition 
D-2 consists of 64 percent wax, two percent lecithin, and 
14 1 



f. 19S0-19S3. When WbrM War 11 ended, the 

United States had a tremendous inventory of ammuni- 
tion on hand, but unfortunate^ it was not a balanced 
stodc. There were efrarmousquanblies of some types of 
ammunition, and only srrMi amounts of others. The 
hasty mobilization of manpower for the Korean conflict 
stripped the Ordnance Department of \he military and 
ci\^Ran personnel that might have properly assessed 
and cared for the huge inventories of ammunition in its 
custody. During ti>e years preceding the Korean War, 
powder packed in cotton bags and fuzes made of sub- 
stitute metals deteriorated. The Army drew too freely 
upon the large ammunition stockpile for training pur- 
poses, yet made no real effort to replace consumption or 
balance ifie items in sloci(. The lack of postwar ordsrs 
sent the ammunition industry into an eclipse. When the 
United States entered the Korean struggle so suddenly 
in 1950, ammunHtontadiHies andplanlswefe at a kmr 
ebb, and businessmen were reluctant to reconvert Iheir 
factories to wartime effort Another element that 
restrained a shift to the immediate production of ammu* 
nition was the preveient belief that the Koreen War 

wnu'ld be short, and did not warrant a sizeable disloca- 
tion of the United States industrial effort. Even after this 
taiiacywasshattered by tfie entry of the Chinese into the 
war In late 1 950, the policy of butter and guns continued, 
and no large scale mobilization of industry took place. 
Compounding the situation of unbalanced stocks, the 
lack of industrial mobilization that normaNy foitows ttie 
outbreak of war led to further setbacks in the battle for 
ammunition production. By the time funds budgeted in 
1951 weretransiated toproductionin I953.lhewarwas 
practically over. In the meantime, the answer to the 
shortages in Korea was tor the Army to reduce the 
authorized ammunition required supply rates in the 
belief that the combat units were wasting their ammuni- 
tion. The net result was a war in which American 
firepower coukj not be used to its besi advantage. The 
leeaon learned from this is ttiat a need for better Indue- 
trial mobilization planning, and for closf r o r tact with 
industry in the development and maintenance of a via- 
ble production base exists. 
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g. 1950-1973. During the Korean conflict, both 
portable and mechanized flamethrowerewere used and 

found to be very effective. Flame mines, using incen- 
diary bursters to set off 55-ga)lon drums of napalm, were 
used in a defensive role. The large batches of napebn 
required for these operations were mixed in truck- 
mounted sep/ice units M1 fjel thickening compound 
was used to gel the gasoline for flamethrowefs and 
tandmlnes. An undesirabte feature of Ml thickener is 
that it absorbed moisture rapidly from the air which 
degraded the gelling properties so that the gel became 
unstable. Anny chemisls at Edgewood Arsenal, MD. 
began work on a nonhygroscopic thickener, which was 
standardized later as M4 flame fuel thickening com- 
pound. The M4 flame fuel thickening compourKl is a 
di-addakiminum soap of isooctanoic adds derived from 
iSOOCtyi alcohol or isoorH'l a'dehydo. which arc obtained 
from the oxidization of petroleum. Because of the large 
World War II surplus inventory of Ml ttiickener. M4 
thickener was not produced in quantity until the Vietnam 
War. The Air Force used tremendous quantities of fire 
bombs. These bombs were essentially large fuel tanks 
filled with napalm, which were ignlied liy pyrophorie 
igniters (WP or sodium) upon impact. Continuous pro- 
cess mechanical mixers were developed for use at Air 
Force iMaea to mix and fill the lire bomtw on thespot. Ml 
thickener could be mixed only I'l batches so a new 
thickener, M2, was developed and fielded. M2 flame fuel 
thickening compound is an intimate mixture of 95 per- 
cent Ml tttickener and five percent devolatilized silk:a 
aerogel or other approved antiagglomerant. M2 thick- 
ener was an improvement of the Ml thickener for use in 
lire bombs. This is because of the free-flowing and 

fast-setting characteristics, v.'hirh allow its use in con- 
tinuous mechanical mixers. M2 thickener was not suit- 
able for use in flamethrowers, which require an aged gel 
obtained in the batch process. Napalm B, a special lire 
bomb fuel formulation, was developed by the Air Force 
to replace M2 thk:kener. Napalm B currently consists of 
46 percent polystyrene. 21 percent benzene, end 33 
percent gasoline by weight Napaim 9 withstands high 
velocity impact dissemination more effectively than M2 
thickened gasoline gels, resulting in less fijel burned 
enroute and more fuel delivered on target. 

h. 7950. MOX fmojai oxidizer explosives) were 
developed by National Northern Technical Division of 
the National Fireworks Ordnance Corporation. West 
Hanover. Mass, for use mostly in small caliber antWr- 
cralt shells. 



i. f 9S2. Military medium veiocKy dynamite was 
developed by w R Baldwin, Jr. at Hercules Powder 

Company Laboratory. 

j. 7952. PB-RDX (plastic-bonded RDX) was 
devslOf>sd by ihe Los Alamos SdenUflc Laboratory of 

the University of California for use as a mechanical 
Strength explosive PB-RDX consisted of 90 percent 
RDX, 8.5 percent polystyrene, and 1 .5 percent 
dioctyiphthalale. 

k. 7957. Military low velocity dynamite was 
devekjped at Pfcatmny Arsenal by H W. Voigt. 

I. 7956. HTA-3 (high temperature expk>8<ve) 
consisting of 49 percent RDX, 20 percent TNT, and 22 
psfcenl aluminum was prepared at Pfcatinny Arsenal. 

m. 7958. OctolK 70'30 and 75 '25, mixtures of 
HMX and TNT, were developed at Northern Corporation 
as fillers for bombs and shells. OeMs are standard high 
•xploeivefllierB, which have been adopted for Anny UM. 

n. 1958. Slurry explosives were developed by 
M. A. Cook and Hi. E. Famham tvy adding water to 
ammonium nftrsie to form sKirrles of the oxidizer salt, 

ammonium nitrate and sodium nitrate, and a solid fuel 
sensitizer. Slurry explosives provide three to six times 
the detonation force of ammonium nitrate-fuel oil 
(ANFO) eNptoaivee. 

o. 7960. Detaclad process or explosive Cladding, 
which is also called explosive Ixxxiing. was developed 
by the DuPont Company. 

p. f 960. Detacord, detafiex flexible cord explo- 
sive, and detasheet flexible sheet explosives were 
developed by the DuPont Company. 

q. 7964-7973. The war in Southeast Asia (SEA) 
(Vietnam) was characterized by an imbalance of 
ammunition supplies to meet the peculiar requirements 
of a longer, different type of war than had been antici- 
pated. In the beginning, much of the war had to be 
fought with the ammunition surpluses from World War II 
and Korea. Critical shortages developed on those 
ammunition items which were best suited for the type of 
war being fought. Ammunition supply rates had to be 
adiusted constantly because production problems at 
home delayed filling vital requirements. The expanded 
use of the helk^opter in this war and the fielding of rapid 
firing annament. such as the "Gating" 40fftm automatic 
cannon raised the supply rates far beyond the planners' 
expectations. The demand for signaling devices, such 
as the Ml 8 colored snv>ke grenades, doubled, tripled, 
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and continuod to rtoe until Ihe ammunition supply raiM 

for the grenades were as much as 100 times the World 
War II and Korea (aim. Due to ammunitton shortages, 
twraini cUmsta, and guwiMa wtifaro, tlw UnNad Gtotoo 
troops were oftan forced to rely upon flekJ expedients 
dunog their missions A new development program 
calied ENSURE (Expedited Non-Standard Urgent 
naf|ijli<anMiil)« whoaa fancHon waa to inaat troop 

demands for speciaf items needed to support SEA 
operations, was established by the Oeferise Depart- 
ment. Many of fhe ENSURE Hams fiehtod under tNa 
program were ammunition related and are now stand- 
ard items for Army use For example although flame- 
throwers were used extensively in SEA, a star>d-off 
cipMly to piplMf Itama was naadod to reduce the 

vulnerability of the operator to enemy fire From this 
ENSURE requirement, a 66mm mutttshot flame rocket 
Itunchar (M20e and lyl202A1) was developed. The 
resulting M74 incendiary TPA Incendiary 66mm rocket 
was fielded and is now a standard item. The rocket is 
filled with TPA(thlckened pyrophor ic agent), which oon- 
alsto of trMtiyl iriuminum (TEA) thickened wHh 
poh,'isobutylene (PIB) Other significant ENSURE 
developments were a broad range of various 40mm 
GBftrkiges and signaling dewtoss, improved minse. and 
pyiQlachnics for battlefield HiuminaiHon. 

r. 7973. The problem of managing a rapidly 
increasing number of conventk>nai ammunition items in 
Itto Army Inventory was addieaeed at llie ooiichntori of 
the war in Vietnam. Although many items developed as 
a result of the ENSURE program had justified their 
existence m combat, others were, by their very nature 
Held «(pedienl8" or ware advance pratolyfMS ftmn 
ongoing development programs* In addition, many of 
the items in the inventory were obsolescent • left over 
Inm Korea, World War N, and even pre-Worid War N 
assets. Accordingly, the Deputy Chief of Staff for Logis 
tica (DCSLOG), Departmentof the Army, established an 



AnvnunMon ProNferaOon Study Committee staffed with 

representatives from the developing arsenals 
(Picatinny, Frankford, and Edgewood), the National 
bwantofy Control Point end the United Stales Army 
Training and Doctrine Command (TRADOC). This 
committee, chaired by DCSLOG. was assigned to 
review every conventional ammunition item with a stock 
numberer every ammunition Item in devetapment, and 

recommend deletion of all items considered not essen- 
tial to the mission of the Army. Hundreds of obsolescent 
and non ooooiiliul Aems of ammunlUon arKi exptoaives 
v/ere oliminated. Among thees were FS smoke and Ml 
thickener. Ammunition supply rates were considered. 
For example, because of a low usage tactor, the 
AN-M14 TH3 incendiary grenade was conskterad for 
elimination until it was established that the incendiary 
grenade was used only wt>en necessary to destroy 
equipment to prevent enemy use: Ihera lo fe. ammuni- 
tion supply rates are not appiteabletothis item. Reten* 
tion of the 1^18 violet smoke grenade was justified 
because vtolet was the second most used color for 
algnallng In Vietnam; and more cotors, not less, ware 
needed to prevent the enemy fKom gusesino Hie pur- 
pose of the signal. 

s. 1973-1976. To protect tanks, the United 
States Army devoted conslder«Ue ellentlon to the 

problem of rapkjiy screening tanks from enemy anti- 
tank rounds and missiles. A OARGOM Project Manager 
for Smokae andObscuranls was appolMed to manage a 
program of developing and fielding countermeasures. 
One of the first items adopted for Army use was a British 
smoke grenade launcher, wiiicti fires saivos ot red 
ptwipliorous (RP) UK L8A1 smoksacrsening grs n e J e s 

from armored vehicles. After launch, these grenades 
detonate in the air to form an immediate, dense white 
smolce ckxid ttiet obaeures the tank ftam enemy view. 
Smoke grenade launchers have t>een developed for use 
in many of tl>e armored vehides in use or devekifMnerrt 
today, Inducing the Ml tank. 
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CHAPTER 3 

GENERAL CHARACTERISTICS AND CLASSIFICATION OF 

ENERGETIC MATERIALS 



3-1. Types of Energetic Mateiials. Energetic 

materials are chemical compounds or mixtures of 
chemical compounds, that are divided into three classes 
according lo use: explosives. prapeHants. and pyro- 
technics. Explosives and propellants that have lieen 
property initiated evolve large volun>es of hot gas in a 
short lime. The dHlsfeiioe between Mplooivos end 
propellants is the rate at which the reaction procee<to. In 
explosives, a fast reaction produces a very high pres- 
sure shod< in the surrounding medium. This shock is 
cepeMe of shatlerfng objecto. In propellents, e slower 
reaction produces lower pressure over a longp' prriod 
of time. This tower, sustained pressure is used to propel 
objecls. Pyrotechnics evolve large amounts of heat but 
much lees gas than propellants or explosives. 

3-2. Characteristics of Burning and Detonation. 
Burning and detonation of energetic malenals are 

exothermic redox reactions. The reaction is self 
sustainirig after an initial activating energy has been 
applied On the basis of mass, the amount of energy 
released l>y propeRants and explosives is comparable. 
However, this energy is considerably less than is pro- 
duced by common fuels such as cartx)n burning in air. 
PiDpeilant burning, or dellagralion, is the very rapid 
burning that results from having a fuel and an oxidant in 
very close contact. In some propellants such as nitro- 
cellulose, the fuel (which consists mainly of hydrogen 
ar>d cart>on) and oxygen are parts of the same chemical 
compound In other propellants, finely divided discreet 
fueis and oxidents are mixed. The fuel may oe a hydro* 
caitMn or other rsadly oxidizeble material such as 
aluminum. The oxidizer is usually an inorganic com 
pound such as ammonium perchlorate or ammonium 
nitrate which contain oxygen in excess of the amount 
required for their own oxidation. Deflagration of propel- 
lants proceeds the same as normal burning. Combus- 
tion takes place on the surface and proceeds into the 
grain. The rate determining factors in the reaction are 
the rate of heat transfer intc the ompellant grain from the 
burning surface and the rate o< decomposition of the 
propellant formulation, the rate of heat transfer 
depends on the pressure of the combustion products. 
The burning rate is defined as the rate at which the 
burning surface consumes a propellant grain in a direc- 
tion normal to ttie grain surface. Detonation of explo- 



sives is a completely different process than deflagration. 
A shod< wave nxiving at supersonic speed proceeds 
through the explosive causing decomposition of the 
explosive matenai. The reaction rate is determined by 
the velocity of the shock wave not by the rate of heal 
transfer. The v^octty of the shock wave depends on the 
physical characteristics of the Individual explosive 
material. The range of velocities is from about 2,000 
meters per second to about 9,000 meters per second. 
The factors that affect the velocity include density, 
degree of confinement, and geomehric oonllguretion of 
the charge. 

3^ Qenerel Behevtof of Pyiotsdinlo Oompoel' 

tlons. Pyrotechnics is the technology of utilizing 
exothermic chemical reactions that, generally speaking, 
are non*exploslve, relatively slow, self-sustaining, and 
self-contained. Pyrotechnic compositions are generally 
finely divided fuels such as metals, alloys, and hydro* 
cart)ons mixed with oxidizers. 

3-4. Classification of Energetic Materials. There 
is considerable variation among the properties of the 
compounds that oonsMuleeachotlhethrseira^daa- 
sificaiions of energetic melerials. 

a. The variation in the properties of explosives is 
put to practical use in armaments by an arrangement 
called an explosive train (figure 3-1). An explosive train 
consists of elements arranged according to decreasing 
sensitivity and increasing potency The first element, the 
initiator, consists of a small quantity of highly sensitive 
material. The highly sensitive material consists of a 
primary explosive and other ingredients Primary explo- 
sives are easily detonated by heat, spark, impact, or 
friction. In large quantities these materials are extremely 
huardous tiecause of their great sensilivily. The other 
ingredients in the priming composition increase the 
sensitivity of the mixture to the desired property, such as 
percussion or fieat. The second element, the txxietBr, 
contains a larger quantity of less sensitive but more 
powerful material called a secor>dary or high explosive. 
The t)ooster is used either as an intermediate stage to 
delonete material tttat is too inssnsMhre to be detonated 
by the relatively weak initiator or to ensure complete 
detonation ol the main charge. The main or bursting 
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charge, also a secondary explosive, is the least sensi- 
tive material but comprises the bulk of the explosive 
charge. Secondary explosives dNferfrom primary 
Mploahres in three major ways. Small, unconfined 
dMiges (one to two grams) of secondary explosives, 
•van though ignited, do not transfer easily from a burn- 
ingordollngnHionfMCliontoadelonflfion. Exoaptinttw 
case of dust clouds, ignition by electrostatic spark is 
diffk^ult. The shock required for ignition is mucti greater 
for a seoondary expk>sfve than lor a primary explosive. 
In some cases, two other elemertts, a delay and a relay, 
may be added to the explosive train between the initiator 
and booster. The delay is calibrated to prevent detona- 
tton of tho booster tar a flpsciliad ian^^ of tima. A dal^f 
is considered a pyrotechnic device. A relay may be 
required to strengthen the relatively weak output of the 
delay to detonate Ow booster. 
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b. An ignWon train, which to used to ignite profwl- 

lant charges, is shown in figure 3-2. The primer contains 
a priming composition which consists of a mixture of 
fuels and oxkiants that are sensitive to stimuli such as 
Impact, heat, or spark. Application of the appropriate 
stimulus causes ignition. The primer ignites the igniter 
whkih in turn ignites the propellant charge. The igniter is 
oonsMarsd a pyrotectmlc davtos. 

0. Propsnams are dKrided into tour ctassas: 

single-base, double-base, triple-base, and composite. 
Division of the propellants into these classes is on the 
basis of composNton, not use. Singte4)asa composi- 
tions are used in cannons, small arms, and grenades; 
double-base compositions are used in cannons, small 
arms, mortars, rockets, and jet propulston unite; and 
triple-base compositions ara used in cannon uiMs. 
Composite compositions are used primarily in rocket 
assemblies arxl jet propulsion units. The choice of a 
propellant for a spacHlc use Is determined by baMslie 
and physical requirements rather than on the basis of 
composition A given propellant compositkm may be 
suitable for use in several applications. 



IMPETUS ^ 




PRilMER 




•ON™ PROPEHANT 
POWDER 



Fltfun3-Z JjpnWon trafri. 



(1) Singte-base. These compositions contain 
nitreceRUtose as their chief ingredient. In addMan to a 
ateMizer. they may contain inorganic nitrates, nilro- 
compounds, and nonexplosive materials, such as 
metallic salts, metals, cartx)hydrates. arul dyes. 

(2) Double-base. This term has been spplled 

generally to compositions containing both nitrocellukMS 
and nitroglycerin. However, since other gelatinizers 
such as DEQN are used by other countries, a better 
deflnWonof adouble-boseoomposMtonisonecontairt* 
Ing nitrocellulose and a liquid organic nitrate which will 
gelatinize nitrocellulose. Like single-base propellants, 
double-base propellants frequently contain addWves In 
addMon to a sttbilzar. 

^) Triple-base. This term is applied to propel- 
lants containing three explosive ingredients with nitro- 
guanidine as the major ingredient. The other two explo- 
sive ingrsdients are usually nitroglyoerine and nHio- 
cellulose. As in the double-base propellant, other 
gelatinizers may be substituted for the nitroglycenne. 
The nMroguanidhie in the formutalion produces a lower 
flame temperature and a greater amount of gaseous 
combustk)n products. The lower flame temperature 
considerably reduces eroston of gun barrels and the 
greater amounte of gas produce a greater force on the 
projectile Triple-basepropeiiantealso contain additives 
in addition to a stat)ilizer. 

(4) Mixed nitrate esters. Two propellant com- 
posHtoneweredsvetoped in the United Slates to rsptaoe 

the triple base formulation due to the shortage of nitro- 
guanidine. The XM35 composition contains nitrocel- 
lutooe, TMETN. TEQDN and DEQDN. The higher force 
XM34 formulation contains nitrocellulose, BTTN, 
TMETN and TEGDN. The comt)ination of mixed nitrate 
esters give higher gas volumes and lower flame tem- 
psralwes than niiioglyosrin atone. 
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(5) Composite. Most composite propellants 
contain neither nitrocellulose nor an organic nitrate. 
They qene'-ally consist of a physical mixture of a fuel 
such as metallic aluminum, a birKter which is normally 
an organic polymer (generaRy a syntheHe rubber ««bich 
is also ci fuel), and an inorganic oxidizinr; aqeni such as 
ammonium perchlorate. These are heterogeneous 
physical structures. 

d. Pyrotechnic compositions are divided into the 
following categories aooording to use. 

(^) Flares and signals. Flares bum to produce 
intense Itght that is used for illumination. Signals pro- 
duoe ooloiecl flames that ate used as semaphofes. 

(2) Colored and white smtiko. Colored smolce 
is used for signaling while white smoke Is used for 

screening. 

(3) Tracers and turners. Tracers and turners 
are small, smoke producing chaiges that are placed in 

projectiles. Durir>g the flight of the projectile, the charge 
bums. In a tracer, tiie smoke is used to track the flight of 
the projectile. A fumer produces smoke at the proper 
rale to fill the partial vacuum that movement through the 
air creates behind the projectita. This cuts drag and 
Increases range. 

(4) IfK^ndiaries. Incendiaries produce large 
amounls of heel that cause fires. 

(5) Delays and fuses A delay is an element that 
consists of an initiator, a delay column, and an output 
charge or relay in a specially designed inert housing. 
The delay ooiumn bums for a predetermined amount of 
time. Delays are used to provide an inten/al between 
initiation and functioning of a device. A (use is a cord of 
oombualMe material commonly used in demoMlon. 

{6) Photoflash oompositkNi. Plwlaillash pow- 
ders are loose mixtures of oxidizers with metallic fuels. 
When ignited, these mixtures burn with expk)6ive vio- 
lenoe in a very short time. The mixtures are used to 
provMe light for mHitavy aerial photography, and in 
simulator devices. 

(7) Igniters and initiators. These devices are 
used to Ignite propellant charges and Initlatedetonation 
in expkisive charges. 



^S. Ctiemical Nature of Energetic Materials. 
Chemical properties of indMdual energelic materials 

are discusser) -n fhe appropriate chapters of this man- 
ual. The properties discussed tor these nuiterials 
include ttie fofkwvlng: 

a. HBatafMon. The heat of fusion is the 

amount of heat r>ecessary to transform (mel* or fuse) a 
unit of solid into a liquid at the same temperature and 
Standard prwsure. This quantity isusualyexprassedin 
temis of catories per gram. 

b. Heat of Vaporization. The heat of vaporization 
is the amount of heat necessary to convert a unit of liquid 
to vapor at tie same tempmuure. tTHs quantity is 
usually eKprssead In tenns of calories per gram. 

c Heaf of Sublimation. The heat of sublimation 
Is the amount of heat necessary to convert a weight of 
solkl directly into vapor in a constant temperature pro- 
cess. This quantity is usually expressed in catoriee per 
gram. 

d. Heat of Detonation. Two quantities are usually 
given for the heat of detonation, one with liquid water in 
Ihe reactton prottjcis and one with gaseous water in the 
reaction products. The test used to detemnine these 
quantities uses a standard calorimeter. When the water 
is allowed to condense to Nqukf. the total heat produced 
by the detonation reaction s measured The heat of 
detonation with gaseous water more accurately reflects 
the process of detonation in a non-iat)oratory setting. 
However, the rssuHs are less rsprodudble. 

e. Weaf of Combustion. The heat of combustton 
is the amount of heat produced when a material is 
burned. This differs from the heat of detonation because 
the products fbrnied are differenL GenereNy, the pro> 
ducts formed in combustion are at a lower energy level 
ttian the products formed during detonation. For exam- 
ple, cartion monoxide and carbon dlcwlde may be pro- 
ducts of both detonation and combustion for a particular 
expk>sive. However, the detonation process might pro- 
duce more cartx)n monoxide, while combustion might 
produce more carbon dkixide. 

f. Sensitivity. Various external stimuli can cause 
release of the energy contained in energetic materials. 
Knowing the response of individual energetic materials 
to ^Mdfie sCmuli Is Important from the point of view of 
safety and in determining ttie Suitability of a material for 
a specific application. 
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(1) The response to a blow to caled impact 

sensitivity. Traditionally, explosives have been sub- 
jected to falling weights to measure impact sensitivity. 
The results are then reported as the distance a given 
weigtit must fall to produce detonation 50 percent of the 
time. The physical significance of this type of test has 
recently been questioned. The results are more qualita- 
thre than quantitative. For example, there to no question 
that lead azide is much more impact sensitive thar TNT 
and that TNT is much safer to handle than lead azide. 
But the quantitative meaning of "much more impact 
sensitive" is ill-defined. The results of this test should be 
considered for general comparisons among explosive 
compounds. These same remart^s are also valid for 
sensitivity to friction. Tests which are rrtore applicable to 
specific hazards and applications such as the SUSAN 
test and 40 foot drop test are discussed in Chapter 5. 

(2) Sensitivity of an explosive to shock is a very 
repnxhjcible quantity. Shocks generated by a donor 
explosive can cause detonation in another explosive 
material. The strength of the alhoCk wave required is a 
relative measure of ttie smsltivity of the material under 
test. In practice, a strong shock is produced and 
attenuated in an inert medium. The width of the medium 
that will allow detonation in 50 percent of the trials is 
reported as the test result. These tests are cafled gap 
tests. Gap test results are much more reliat>le data than 
inf^)act test results, although there is some dependence 
on the geomstiy of the test apparahjs. Gap test proce- 
duiBs are covered in detail in Chapter 5. 

(3) Electrostatic sensitivity is an important 
quantity because of safety. Some explosives can be 
detonated from the shocit of a person charged with 
static electricity. The test procedure used to determine 
electrostatic sensitivity is covered in Chapter 5. 

(4) Thermal sensitivity is an important quantity 
which needs to be determined in considering explosives 
for applications. In some cases, such as in the waitiead 
of a high speed intercepting missile, the heat generated 
during flight can cause detonation of explosive charges 
that are not highly resistant to heat 

g. BmancB. Brisance is the shatlsring capability 

of an explosive. Several tests are coTimonly used to 
determine brisance. In the sand test 0.400 grams of the 
explosive are placed in 200 grams of sand and deto- 
nated. The amount of sand crushed by the explosive is a 
measure of brisance. The plate dent test, in which a 
sample of the explosive is detonated in close proximity 



to a metal plate, is also used to measure brisance. The 

size of the dont ts proportional to the br^rance. Another 
method of measurement involves detonating a sample 
of explosive on top of a cylinder made of copper and 
measuring the contraction in length of the cylinder. The 
number, size d^stnbution. and velocity of fragments pro- 
duced by an explosive in a projectile is also related to the 
brisance of the explosive. 

h. Detonation Velocity. The detonation velDcHy 
is simply the rate at which the detonation reaction pro- 
ceeds through an explosive. This quantity is closely 
related to the brisance. With a imited number of excep- 
tions, increased detonation velodty increases brisance. 

i. Power. The power of an explosive is the total 
energy available to do work. This is a different quantity 
than brisance, even though on the surface they appear 
rather similar. Consider two explosives, ammonium 
nitrate and RDX. Itachargeof each is placed beneatha 
boulder, the ammonium nitrate might hurl the boulder 
many meters but the RDX might pulverize the boulder 
into many fragments. The former quality is power 
whereas the latter quality is brisance. Power is mea- 
sured bf the Trauzl lead blodt test in which a sample of 
the oyp'osive is detonated in a cavity in a lead block. The 
expansion of the cavity is a measure of the power of the 
explosive. The ballistic pendulum and ballistic mortar 
tests are also used to measure power. A heavy weight is 
accelerated by the detonation of an explosive. The 
swing of the pendulum or movement of the mortar's 
weight is a measure of the power of the exploelve. The 
oxyqpn balance of the explosive is closely related to the 
power. The oxygen balance is the ratio of oxygen con- 
tained in the explosive material to the amount of oxygen 
required for complete oxidation of the explosive mate- 
rial. Explosive compositions with tjetter oxygen bal- 
ances are more powerful. 

j. StabHity. Stability is the abifity of energetic 
materials to retain, unaltered, such properties as deto- 
nation velocity and sensitivity after long periods of stor- 
age under adverse conditions. All energetic materials 
are unstable to some extent. The degree of InstabHIly 
varies greatly TNT can be stored for 20 years with no 
Change in stability while other explosives, which are not 
used by the military or commercially, decompose and/or 
detonate in a matter of days or minutes. Several tests 
are used to measure stability of explosives. In the heat 
tests, a sample oi the explosive is subjected to a 
specified temperature for a given amount of time. The 
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aafnpl» is then weighed and any loss of weight above 
the evaporation of moisture indicates volatility or 
decomposition. The heat tests are usually carried out at 
75*0 or loirc. Irt the 7S*C test a ten gram sample is 
heated for 48 hours then cooled and weighed. In the 
ICXTC heat test two samples of the explosive weighing 
0.60 grams each are heated to 100*C. One of the sam- 
ples is withdrawn after 48 hours, cooled, weighed, and 
replaced in the oven This sample is then withdrawn 
after an additional 48 hours of heating, cooled and 
weighed again. The second sample is left in the oven for 
100 hours and any detonation or ignition is reported. 
The 100°C heat test is a more accurate predictor of 
stability than the 75*C test. The cun^ently preferred test 
of this type, however, is Thermal Gravimetric Analysis 
(TGA). A TGA can be run in two ways. The temperature 
can be held constant and the weight is monitored con- 
tfnuously. TTie data is then plotted as weight or percent* 
age of weight change versus time. The other method 
commonly employed is to vary the temperature at a 
specified rale and piot the weight or percentage of 
weight change versus tempenMure. The results 
reported in this manual use a sample size of approxi- 
mately 10 milligrams and a heating rate of 10°C per 
minute. The vacuum stabilty test is used extensivefy to 
measure stability. In this test a sample of an explosive is 
subjected to botti elevated temperatures and vacuum. 
The amount of gas evolved after a specified time is 
recorded as the test result. The test may be run at any 
temperafurB hut between tOCC and ISO'C is the most 
common temperature range. In Chapter 5 the lest pro- 
cedure is given in detail. A tsst that is sometimes p&r- 
formed is the Kl (potassium iodide) test In this test a 
strip of potassium iodide - starch test paper - is sus- 
pended in a test tube with the material under test. The 
top of the strip is saturated with a 50 percent water 50 
percent glycerin solution. The sample is heated. As the 
healing continues, moisture condenses on the test tube 
Up to a oertam point. The position of the lest paper is 

moved up po the line n' demarcation between *he dry 
and glycerin-water soaked portions is kepi level with the 
ring of condensation. The appearance of dtocoloratlon 
of Ihe upper half of the test paper indteates the test is 



finished. The results are reported as the annount of fime 

from the start of heating to the end of the test A blank is 
run at the same time to ensure the test results are 
greater than the time rsquired for the blank to Indicate. 

This test is of limited applicabirily The discoloration is 
caused by acidity, so the major application is testing 
nitrocellulose at 65.5"C and nitroglycerin at 82.2oC for 
purMy. A test that is performed on explosives to deter- 
mine stability is the LLNL reactivity test In this test a 
sample of explosive is heated at 120*C for 22 hours. A 
two stage chromatography unit is used to measure the 
individual volumes of N?, NO, CO. NO2, and CO2. The 
result Is the sum of the volumes of these gasses per 0.25 
gram of sample. A test that yields a great deal of useful 
information is ttie Differential Thermal Analysis (DTA). 
Detailed testing procedures for explosives are given in 
Chapter 5. In the usual DTA analysis, identical contain- 
ers ere set up. The sample undertest toplsoed in one of 
the containers and a reference substance is placed in 
the other. The containers are placed in identical thermal 
geometries with temperature sensors an-anged to give 
both the temperature of each container and the differ* 
ence in tprpperatures between containers. The data are 
displayed as DTA thermograms; the temperature differ- 
ence is ptoited againet the temperature of the sample. 
The standard reference material chosen is one with 
thermal behavior that does not change rapidly. Such a 
plot is nearly a straight Une if the sample under test also 
has no rapidly changing thermal behavior. A straight Hne 
is also produced if the test sample has thermal charac- 
teristics similar to the reference substance. Excursions 
ebove and below a badcground line result from en* 
dottiermic or exothermic changes. The DTA analyses 
permit interpretation for phase changes, decomposition 
and kinetic information, melting points, and tiiermai sta- 
bility. Another very useful test is pyrolysis. A sample is 
placed in a pyrolysis chamber that is then flushed with 
helium. When the air has been swept out, the tempera- 
turs of the chember is raieed at a constant rate. Gas 
evolution is measured as a function of temperature by a 
bridge formed by two thermal conductivity cells. Ttw 
pyrolysis test results are ptotted with the DTA reauHs for 
each expkisive. 
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CHAPTER 4 

CHEMISTRY AND PHYSICS OF ENERGETIC MATERIALS 



4-1. Introduetion. Thte ^lapter contains a diacus- 
•ionol the physical proc«88«s involved In tK^detotwtion 

and deflagration of energetic materials. The initiation 
phenomenon, blast effects in surrounding media, and 
shaped charge principles are also dlseusMd. 

4-2. The Ignltlon-lnltlation Process. Direct ignition 
or initiation of expiosfves by an extemai stimulus is 
caused by the iheriiial doconiposNiofi of the exploifwe 
involved Impact, triction, electrostatic discharge, gap, 
and other sensitivity tests produce hot spots in the mate- 
rfal under tost A hot spot la a localzed region of higher 
than average temperature. Existence of the hot spots is 
confirmed by the lag time between the application of the 
Stimulus and the detonation or ignition. For exampte, if a 
vno KRognm weigni nun ou ostmnewv on a cu niMr 
gram sample of RDX, ignition occurs within sevWBl 
hundred mic r oeec o nda. Assuming that the impact 
energy heated the sampto uniformly and ttat no heat 
loss occurred, the temperature of the RDX would be 
about 25CrC At that temperature, the ignition lag for 
RDX IS about one second. In solid explosives, energy is 
iranafBrred out of the hot spot In the fonn of shock and 
rarefication waves. The shock wave heats the sur- 
rourKling explosive. Sofne hot spots fail to detonate the 
wmoundbig ntatorial. Whether or not an axplocion 
occurs depends upon the initial strength of the shock 
wave and how rapidly the shock decreases at the hot 
spot interface. Severai modes of hot spot generation 
wtihsh luivo been praposed indudo: 

a. Adialialio heating due to compression of gas 
spaces can operate in Impact and frictian initialkin of 
pressed solid and liquid explosives. 

b. Frictionat heating on a confining surface or on a 
grtt pailieto can cause a hot spot. This mode of initiation 
can operate in impact and friction Inilialion of praasad 
solid and liquid expk>sives 

c. Hot spots can be caused by the intercrystalline 
friction of the energetic material. This mode of initiation 
can operate in impact and friction initiaticn of pnMMad 

solid explosives. 



d. Viscous heating at high rates of shear can 
create hot spots. This modaof initiation is operatlvaonty 

at strong shock inputs. This is the main mode of initiation 
and propagation in homogeneous liquid explosives or 
dafect-free single crystals. 

a. Heating by plastic defomnation at a sharp point 

cancauso hot spots This mode is operative in llio shodt 
initiation of solid explosive compacts and exf^osive 
liquids containing inhomogeneities. 

f . Hot spoto can lia fbnned by the mutual rain- 
force ment of relatively weak shock waves at 
inhomogeneities in the shocked medium. This mode is 
operative In the shock initiation of solid explosive com- 
p4KtoandaxpioBlvalquldsconlalninginhoinoganaltiaa. 

g. Particles which are spaUed off crystallite by an 
incoming shock wave can form hot spots by impact on 
the opposite wail of a void. This mode is operative m the 
stioGic InWaHon Of solid CKploalva oomponenls or liquid 
aiKpiosives containing inhomogeneities. 

h Micro shaped charged jets which are formed by 
aliock waves acting on concave walls of bubbles. 
GavWas. or voids can causa hot spots. Thismodais 

operative in the shock initiation ot solid explosive com- 
pacts or liquid explosives containing inhomogeneities 

4-3. Tl>e Deflagration Process. Deflagration of a 
propeMant proceeds in a direction normal to the surtaca 
of tha propallant grain. Material is consunf>ed in parallal 
layers so the geometry of the grain does not change as 
the burning takes place. Propellent is volatized by heat 
tranafar flwn tha fiama zona which Is In the gas ptwse 

above the propellent surface. An increase in the 
ambient pressure causes the flame zone to move closer 
to the propellent surface. This Increases the rate of heat 
transfer. The more rapid heat transfer causes an 
increase in the rat© of volatilization of tt)e propellent 
whk:h correspondir>gly increases the rate of deflagra- 
tion. If the flow pattern of tha hot oombuslion gases is 
perturbed and penetrates the flame zone, an increase in 
the rate of heat transfer may occur. An increase in the 
ilama temperature also causes an Increase In tha rate of 
liaaltranafar. The flame temperature is a function of Ilia 
propallant composition Propellants tend to bum mora 
smoothly at high pressure than at tow pressure. 
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4-4. Deflagration to Detonation Transfer (DDT). 
In some energMie materials (MlaQratlon can build to 

detonation In a DOT 'oca! ignition forms a convective 
flame front. A convective flame front is an ignition wave 
which is propagated by the passage of hot combustion 
gases through the pores of the charge. The hot gases 
are forced into the pores of the charge by the pressure 
built up as a result of charge confinement. The hot gases 
tieat the pore walls and we consequently cooled. A 
continuous flow of gases is required to raise the tempjer- 
alure of the pore walls to the point of ignition. Ignition of 
the pores causes the convective flame front to advance 
and as the convective flame front advances, the pres- 
sure increases linearly with time The pressure increase 
causes compaction of most porous charges. Formation 
of a post convective or compressive wave marks the 
beginning of accelerated pressure buildup- Subserjnent 
coalescence of the compressive waves into a shock 
wave completes the DDT. The degree of compaction of 
the explcs t letermines how much material is con- 
sumed before the DDT occurs. The runup distance is 
defined as the length of material which will deflagrate 
before detonation occurs. The foNowing suliparagraphs 
describe the physical phenomenon involved in the vari- 
ation of runup distance with density of the explosive 
material. 

a. Atcrystaldensityandincastchargesthereisno 

porosity and the explosive is impermeable A convective 
flame front cannot form. A DDT can occur only if the 
explosive is relatively sensitive and there is a rapid 
pressure rise in the ignition region that produces a suffi- 
ciently Strong shock wave. Some high explosives when 
unconfined at this density will burn without detonation. 
Under sufficient confinement, however, tfiese explo- 
sives will detonate. Other more sensitive explosives will 
explode even without confinement. 

b. The introduction of porosity into a charge does 
not me«i that the charge mil be pemieable atnoe the 

pores may or may not be interconnected If the pores are 
not connected, permeability is very low and essentially 
negligibfe. The criteria for DDT in this case wiU be the 

same as for cast charges The runup distance will be 
smaller, however, because the porosity will increase the 
exposed surface area of the explosive. This will cause 



the rate of change of the pressure with respect to tinoe to 
be sNghtly higher than for the cast material. If an escpkh 

sive does not undergo DDT at crystal density, thenth6f0 
would probably not be a DDT at this density. 

c. As the porosity increases, the fraction of pores 
which are irrterconnecled increases rapidly. However, 

the permeability of the charge shou'rf rrmnn small. 
Under these conditions a convective tiame front can t>e 
established. Establishment of the front will depend on 
the permeability of the charge, the adiabatic flame 
temperature of the explosive, ignition characteristics of 
the explosive, and the ability of the confinement to allow 
acritical driving pressure to beestabKshed. The onset of 
convective burning indicates that nonnegligible 
amounts of energy can be transported by gas flow 
beyond the ignition region. However, only very smaR 
quantities of gas can flow out of the ignition area over a 
time period as long as 100 microseconds The runup 
distance for DDT in this case would be less than for 
charges with either lesser or greater porosity. 

d. As more porosity is introduced into the oharg«, 
the gas flow can no longer be described as choked 
Enough pores are connected to permit flow which may 
bedeecrit)ed as steady stale. The inoraased permeabil- 
ity for this case leads to smaller rates of press l re 
increase near the ignition point. Burning for a longer 
period of time is required before the rate of pressure 
increase t>egins to accelerate. DDT occurs only after the 
acceleration occurs. A sharp rate of pressure increase is 
required to produce compressive waves wttich can 
coalesce into shock waves. The runup distance is cor- 
respondingly increased. 

e. For very permeable charges, the runup distance 
increases with increasing porosity. Energy losses from 
the burning region can be great enough to prevent a 
rapid enouqh 'a'o of pressure rise to cause DDT in this 
case, the pressure builds relatively slowly (in one to two 
hundred microseconds) to a high level. The high pres- 
sure crushes the porous material immediately around 
the ignition region The greater density crushed male- 
nal. upon combustion, may then produce a rapid 
enough pressure rise to cause DDT. The runup distance 
for this case is the longest of any of the cases discussed. 
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4^ The DalQfMtion ProeoM. 

a. Detonation is caused by a self-sustaining shock 
wave which passes through an explosive material. The 
velocity of ttie shock wave is aiso called the velocity of 
deionalion. Ashock wave is avery rapid, almcwt discon- 
tinuous change in pressure. Beyond the range of the 
pressures involved in transmission of sound through a 
mediufn. the propagation velocity of a pressure wave 
increases as the pressure increases. Shock waves are 
fornned by a pressure pulse of sufficient amplitude. The 
high pressure region of the pressure pulse moves faster 
than the low pressure region and SO catches up as 
shown in figure 4-1. The shock wave will continue to 
have the sharp pressure nse shown in figure 4-lc until 
Ihe wave is dampered out. The dimension of the x-axis 
can be either distance or time. Five variables relate the 
state of the region in front of the shock wave and the 
region behind the shock wave. The variables are illus- 
trated in figure 4-2. The shocic velocity is the veiocity at 
which the shock wave moves through the material The 
shock velocity is greater than the sound velocity of the 
materlai at a given density. The particle vetocfty is the 
velocity attained by the material as a result of the accel- 
eration of the shock wave. Particle velocity is in the 
same direction as shock vekxity. Pressure, density, 
internal energy, and temperature Increase as areault of 
the passage of the shock wave. 

b To derive relationships between the variables 
that specify shocked and unshocked matenal, refer to 
figure 4-3. We assume the shook front is statkmery and 
the material is moving at the shock velocity through the 
shock front Application of the laws of conservation of 
mass, momenltim, and energy yields the Mowing rela- 
tionships among the variables. 

(1) In a given amount of time, r, mass moves 
from one side of the shock front to the other side By 
definition, mass, m, is given as a functkNi of density, p, 
and volume, V, by the equation: 

m =pV (4-1) 

Trie volume, V^, can be expressed in terms of area, A , 
and length, L, by the equation: 

V^AL (4-2) 

The length, L. is the distance a particle travels in OUr 
assumed time interval. (. times the velocity, v: 

By figure 4-3 the vokjcrty can be seen to equal: 

vo=(v-uo) (4-4) 



and 

vi=(v-ui) (4-5) 

By equations 4-1 through 4>5 the mass entering flhe 
shock front is: 

mo—poAL 

Similarly, the mass leaving the shock front is: 

mi -ptvi 

mi =piALr 

mi -piAf(v-tii) 

Invoking the principle of oonsenralion of mass: 

puAtiy-ua) «pi4f(v-tfi) 
po(v -iio) -pi (t' -111 ) (4^) 

(2) In our system the force produced is the 
piessure dHferenoe across the shock acllng on the 
cross-sectional area: 

P-=(Pi -Po)A 

The rate of increase in momentum of the system is the 
final momentum less the initial momentum per unit time 
or 

momentum changeit'ifnu% -muo)/f 

By equations 4-1 through 4-5: 

momentum changelt - 

fpi>Utrt(v-iiO -poAlVo(v -Uo)]lt 

Setting the force equal to the rate of momentum 
increase per unit time: 

(Pi -Po)A= (pi>Wwi(v -wi) -poAtuo(v -uo) j/f 

Cancelling and rearranging yiekJs: 

Pi-piUi(v Oi)^Po poUo(v Uo) (4-7) 

(3) The rate of work being done on the system, 
w, per unit time, t, is given t>y ttie equation: 

wH=p%Aui-ptAuo 



4^ 
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A. A PRESSURE PULSE 
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B. DIFFERENTIAL VELOCITY CAUSES THE LEADING EDGE TO BECOME SHARPER 
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C. A SHOCK WAVE 



Figure 4-1. Shock wave formation. 
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DIRECTION OP SHOCK WAVE PROPAGATION 



BEHIND AHEAD 



PARTICLE VELOCITY 
PRESSURE 

DENSITY 

l^frERNAL ENERGY 
TEMPERATURE 


U 
P 

P 
E 
T 


Uo=0 
Po 

Eo 
To 


PLANE SHOCK FRONT 







(P ' Po) 
(T > To) 



FH^4'2. S^adyptene Shock front. 




P> I DENSITY p, 

PRESSURE p, 

•0 INTERNAL F N E R 0, 

U» MATcaiAi VFinriTV ui 



FIgurw 4-3. ConM volume or mn» pMmng through 
M shock front 
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The rate of mcTBase of onecgy per unit time Is the dHtor> 

ence between the rate of change of the sum of the 
internal and Itinetic eneigies in the initial and final stale: 

increase energy/l- 

Using equations 4-1 Ihiough 4-5 the incfeased eneigy 
can be expressed ss: 

[Atp 1 (e 1 + 0.5o i2)(v -u 1 ) -Atpoieo + 0.5uo'){ V-uo') ]/t 

Ec jafinn the work done on the system wtth the rate of 
energy increase and cancelling the f s: 

ptUiiA -poUoA - 
Apt{y-ut)iei +0.5ui2) -^o(i^-uo)(eo-t-0.5uo') 

Cancelling the >t 's yields: 

P^Ut -poUo=* 

pi{v -i/iHei +O.Si/t*) ~p^v -lioKso +O.Suo') 

Rean-anging terms yields: 

pit/i -pi(i' -uiHei +0.5u\^)^ 

pouo -po{v -uo)(eo +0.51/0^) 
(4^) 

Table 4-1. Unwctea Hugonfot Dam 



EMpioiiv* 


Density 

in grams 
per cubtc 


Temperature 

•c 


Co 

in milltmeters 
mlofosMond 


8 


Range ofv 

(by experirnent) 
in miimeters 


Ammonium nitrate 


0.86 


25 


0.84 


1.42 


0.81 - 2.32 


Composition B 


1.70 


25 


3.0i0 04 


1 73 


0 0 - 15 


Composition B 


1.66 


25 


2.71 :t0.05 


1.86:!: 0.07 


0.0 - 0.9 


DATB 


1.78 


25 


2.45 ±0.04 


1.89 ±0.06 


0.0 - 1.2 


H-6 


1.76 


25 


2 83 • 0.07 


1.70*0.08 


00 • 1.1 


H-6 


1.76 


25 


2.65 


1.98 


0.0 - 2.0 


HBX-1 


1.75 


25 


2.93 ±0.08 


1.66±0.10 


0.0-1.0 


HBX<3 


i.es 


25 


3.13 ±0.02 


1.61 *0.02 


0.0-1.0 


HNS 


1.38 


25 


0.61 -0.21 


2.77 ' 1 09 


0.0 - 0.5 


HNS 


1.57 


25 


1.002:0.05 


3.21 i 0,10 


0.0 - 0.7 


75/25 OdM 


1.80 


25 


3.01 ±0.4 


1.72 


0.0-1.2 



(4) Equations 4-6. 4-7, and 4-6 are called jump 
equations because the stale variables lump from one 

value to another very rapidly across the shock To'hese, 
another relationship tying together any ot two state vari- 
ables {P. ¥. u. a, t, p) which Is specific for a given 
material is needed. An equation of state, w^ich com 
pletely describes the matenal is more than is needed. A 
simpler relationship called the Hugoniot equation suf- 
fices. The Hugoniot is determined experimentally. The 
relationship can be obtained by mea<;uring shock pres- 
sure and velocities at various shock states, or shock 
velocity and particle velocity, or any Mwo of the stale 
variables simultaneously The Hugoniot which de- 
scribes the relationship between the shock vek>city, ¥, 
and partk:le velocity, u, has been found to be: 

y=Co+su (4-9) 

where Co is the sound velocity In the medium and s la a 

constant that is '■platpd fo the specific heat and fhermaJ 
expansivity of the material. This relationship is not a 
path along which the variables change, but is actually a 
locus of solutions or discreet shock states. Table 4-1 
lists the values of co and s for several explosives in the 
unreacted state. 
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Tabl»4-i. UnnaeM HugotiM Oma - ConOwmf 





Density 

in /iFSfn^ 
in ^fafJW 

par cubic 


1 vnifisrHiUPV 

•c 


Co 

In mihlirriAtArtt 

rolciwtWHHl 


s 


Range o(u 

in fniMimil0fB 
psr ffricfOMOond 


50150 Pentolite 


1.67 


25 


2.83 ±0.4 


1.91 


0.0 ■ 1.2 


PETN 


0.82 


25 


0 4? 


1.73 


0.76 - 3 50 


PETN 


1.0 


25 


0 76 


0.66 


0.28 - 0.42 


PETN 


1.59 


25 


1 33-0.08 


2.18 ±0.27 


0.03 ■ 0.37 


PETN 


1.60 


25 


1.32 


2.58 


0.2 - 0.4 


PEIN 


1.72 


25 


1.83 


3.45 


0 2 - 0 6 


PETN 


1.55 


110 


-0 6-0.5 


8.71:1.7 


0-24 - 0 29 


RDX 


1.0 


25 


0.40 


2.00 


0.44 - 2.60 


ROX 


1.54 


25 


0.7 


3.2 


0.25 - 0.6 


RDX 


1.S8 


180 


0.71 ±0.24 


4.22 ±0.42 


0.26 • 0.32 








A 7n-t-n iA 


1.11 SVpVI 




RDX 


1.80 


25 


2.87 


1.61 


0.75 - 1.6 


RDX 


1.64 


25 


1.03 ±0.05 


0.666 ±0.168 


0.11 -0.35 


TATB 


1.85 


25 


2.34 ±0.07 


2.32x0.08 


0.3 • 1.4 


TNT 


1,62 


25 


2.93 


1.61 


0.75 - 1.6 


TNT 


1.63 


25 


2.57 


1.88 


0.0 - 1.25 


TNT 


1.62 


25 


2.27±0.30 


2.65 


0.0-0.6 


TNT 


1.62 


25 


2.99 


1.36 


1.0-1.5 


TNT 


1.61 


25 


2 39 0.03 


2.05 ±0.03 


0.0 - 1.4 


TNT 


1.64 


25 


2.08 ±0.13 


23 


0.2 - 1 .4 


TNT 


1.64 


25 


2.4 


2.1 


0.1 - 0.5 


TNTOtq) 


1.47 


62 


2.14 


1.57 


0.8- 1,7 



By substituting terms from equations 4-6, 4-7, and 4-8 
Into equation 4-9 and solving, wecan obtain more forms 
of the Hugoniot. for •xampi*: 



P =pofCot/ +su') 



(4-10) 



(5) Three planes or two dimensional plots are 
used to deecfitM tte shock properties ar>d shock his- 
tortes of materials. They are the distance-time (x-t) 
plane, the pressure-particle velocity plane (P-u) 
described by equation 4-10. and the pressure-specifie 
volume (P-vs) curve. 

(a) The X't plane is used to display the posi- 
, material surfaces, and lareficaiiorM (the 



opposite of a shock) in time and distance. Figure 4-4 
shows a ^mple coVtoion of two materials. (1 ) is the 
surface of the target and (2) is the front surface of a flyer 
prate which is a small mass that impacts the target at a 
very high velocity. The slope of (2) is the plate velocity, 

(3) is the impact point when the two materials meet, 

(4) is the forward going shock in the target, (5) is ttie 
interface of the plate and target moving slowfy to the 
right. (6) IS the left going shock driven badt into the flyer, 
and (7) is the back surface of the flyer. All slopes on this 
plot are veloct'ps As the shocks reflect and rarefica- 
tions fan out and the surfaces move, the x-t plot is used 
to Itsep tradt of the variables. 
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X 

R^in 4-4. SAo^ pniparttos fti tfw x-f plane. 



(b) The P-u plane is where the Hugoniots 
are normally plotted. An example (s shown lnfigure4-5. 

This plot is used to perfor-n graphical solutions to Tr-pac? 
problems (uniaxial). Intersections of Hugoniots repre- 
sent shnullaneous solutions of two Hugonkrt equations. 
Chords drawn from initial to final states on this plot have 
slopes proportional to the shock velocities of the final 
state in that particular material. Figure 4-5 shows the 
solution of an impact problem nuhereafiyer, material N 
at ^ velocity of uo impacts a stationary target, material 
The tinal pressure and particle velocity after the impact 
are the same in both flyer and target and are Pi and ui» 
respectively (1 ) is the chord drawn from the initial stale 
to the final state of the flyer. The slope is equal to - Povr, 
the initial density times the shock velocity in the flyer. 
(2) is the choid drawn from the initial stale to the final 
state of the target, the slope of the chord is Povr, the 
initial density of the target times the shock velocity in the 
target. The negative slope of-PoVf indicates the shock 
in the flyer is traveling toward the left. The lines N and M 
are the P-u Hugoniots of two individual matenals The 
P-u Hugoniot is not fixed on the plarie. The position of 
the plot relative to the P and u axis is not unique. The 
physical explanation for that a material specimen can 
exist at any pressure state regardless of bulk of partk^e 
velodly. The shape of the Hugoniot and the relation of 
slope to the axis is unique. 
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(c) The specific volume Vs is defined as Ihtt 
reciprocal of the density. Plots in the P-Vs plane, as 
shown in figure 4-6, are useful in describing the thermo- 
dynamics Of the shock because areas on lhi8 plane 
lapiMant woifc or anaiQy par unit mass: 



Force „ Volume Force >^disiance 



The Hugoniot position on tNs plane is unique. 



HUQONIOT 




V« Vo 

Figun 4-6. Shock properties in the P-V$ plane. 



PRESSURE 



OAS EXPANSION. 
PARTICLE VELOCmr 

GRADIENT FROM 
0 TO Ud 



c A detonation shock wave is self-sustaining 
t)ecause the energy added by the chemical reaction 
taking place l>ehind the wave balances the losses due to 
normal attenuation. Figure 4-7 shows the pressure dis- 
tribution of a detonation wave that is moving throujh 
explosive matenal. Chapman and Jouquet (CJ) 
davolopod the ihaory of shock wava prapa^aHon 

through explosive materials The CJ conditions tor each 
expk>sive are unique for that expiosrve at some unique 
or specified density. H we change the initial density, we 
wil dianga the CJ oondilions. Tha thaory is based on 
these assumptions; that pressure is constant from the 
shocl( wave to the CJ point, that the pressure decays in 
a Tayicr wave beyond the CJ point, (hat the reaction is 
complete and the products are in equilibrium at the CJ 
point, and that the energy in the Von Neuman spike is 
negligible in comparison to the energy in the readkxi 
zone and so can be ignored. Figure 4-6 shows a rep- 
resentative plot of the Hugoniots of unreacted explosive 
and decompositton products under detonation condi- 
tions. Tlia RaylalBh Nna oonnodo (ha inflUi wiahoolcaci 
state. Vio, with the final shocked state, Vf Table 4-2 lists 
the reaction zone length (i.e.. the length of the zone 
beHMean tha shock wawa «id the CJ point) for various 
eMpk)8ivaa.Tal)ia4-3lial8tha detonatkmprMSUiainttia 
reacting zone for various explosives The pressure of 
ttie Von Neuman spike can be explained by refernng to 
figure 4-8. Tha point that tha Raylaigh linacroaaas lha 
unreacted explosive Hugoniot, Vf. corresponds to the 
high pressure in the Von Neuman spike. This is obvi- 
ously at a higher piaaBura Attn lha CJ peM. 
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PRESSURE 




Vs Vao 
Rgun 4-8. P-Vs p/ot during <Monatlon. 

d. Several computer programs are available that 
predict the detonation charactenstics of a compound 
from basic chemical and physical properties. One such 
program is based on the Becker-Kistiakowslcy-Wilson 
(BKW) equation of state The BKW program requires 
ir^formation about the initial state of the explosive and 
about the state of tt>e detonation products. The informa- 
tion required for the initial explosive is elemental com- 
position, heat of formation, density, and formula weight. 
The information required for the detonation products is 
elemental composition, heats of formation, co-volumes 
(the effective size of the molecules), and fits of each 
products ideal gas entropy as a function of temperature. 
If any solid detonation products are present, the deratty. 
molecular weight, and an equation of state are required 
From this information the BKW program computes the 
equilibrium composition of the detonation products at 
specified temperatures and pressures, the iHugoniot 
curve, the CJ pressure the CJ temperature, the CJ 
density, the detonation velocity, and the isentrope of the 
detonation products througli liie CJ point. The values of 
pressures and temperatures obtained from the program 
agree to within 20 percent of the values observed 
experimentally and the detonation velocity agrees to 
within 10 percent. This margin of error is caused by tt>e 
assumption of the BKW equation that detonation is 
steady state. To perform time-dependent flow calcula- 
tions of the detomtlon process, otfwr prograrm are 
used. These include SIN. EIC. 20L. and 2DE. These 
programs require an equation ol state of the detonation 
products (such as BKW), an equation of state for the 
urweaeted explosive, an equation of state for mixtures of 
unreacted and totally decomposed explosive, and an 
equation ot state that describes the rate at which the 
explosive decomposes Into detonation products. 



r«M» 4-2. Aeacfftm Zone Lwgth 



Explosive 


Density, in grams 

per cubic centimeier 


Approidmal* 

longtt" in 
millimeters 


Amatol 80,'20 


1.67 


4 


Composition B 


1.67 


0.13 


HBX-t 


1.60 


0.19 


Nitroglycerin 




0.21 


ROX 




0.826 


(microporous) 


1.30 


1.82 


(single crystal) 


1.80 


2.90 


TNT 




0.36 




1.00 


0.32 




1.55 


0.18 






0 13 






0.21 




1.59 


0.70 


(pressed) 


1.63 


03 


(cast) 


1.615 


0 42 at 29rK 




1.70 


0 55 at 77.4'K 




1.71 


0.62 at 20.4°K 


(liquid) 




0.9 at 100°C 






1.1 at 100°C 


TNT/RDX 50/50 


1.67 


0.12 
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Table 4-3. DetonaHon Pfeaauns 





0«n8<ty in 


Pi««auif« in kilotwn 










ComposHiQn B, grade A 


1.717 


295 




ComposiHon B-3 


1.715 


267 


m 


Composition C-4 


1.59 


- 


257 


cycioiol 77/29 


1.752 


316 


- 


OATB 


1.78 


250 


250 


lira w 4 


1-712 


220.4 


* 


HMX 


4 nA 


300 


394 


MNAB 




205 


- 


rlNS 


1.0v 


* 


200 


LX-14 


1.833 


370 


- 


Nitrocellulose (12 OTo N) 


1.58 


• 


200 


Nitrocellulose (13.35*70 N) 


1 58 


■ 


210 


Nitroglycerin 


1.59 


253 


251 


OcfOl 77 22 4 


1.821 


342 


- 


rentolrte 50/50 


1.70 


♦ 


2,55 


PcTN 


1 .77 


335 


332 


Kb 1 N 


1 .o7 






PETN 


0.99 


87 


100 


RDX 


1.767 


338 


348 


TATB 


1.88 


• 


291 


Tetiyl 


1.71 




260 


TNT 


1.63 


210 


223 



4-6. Blast Effects. When a lligl) explosive is deto- 
nated, the solid charge is rapidly converted to gaseous 
products. This process, which occurs in about 0.001 
seoond. develops very hlgti tempecalures and pree- 
sures. Of the total energy available, as much as half may 
be used to exparid the bomb casing and the remainder 
is used to compress ttte sunounding environment. 

a. Stest fiWscfs fn Air. 

<1 } When an explosive charge is detonated in 

air. the gaseous products expand rapidly and compress 
the surrounding air. The air moves outward with high 
volocHy, thus Initiating a thock wave. This layer of oom- 
prr y ,e 1 air is bounded by an extremely sharp front 
called the shock front in which the pressure hses 
abruptly The shock front moves outward with an initial 
velocity much greater than that of sound but. after a 
short distance, the velocity decreases rapidly. The 



gaseous products of detonation move as a strong wind 
behind the shock front and are prevented by their own 
inertia from decreasing in velocity as rapidly as the 
pressure at the point of detonation decreases. As a 
result, a rarefaction effect is produced at this point and 
the pressure decreases. This condition of reduced 
pressure also moves outward, trailing the shock front. 
When the pressure becomes less than atmospheric, the 
wind reverses in direction and blows backward toward 
the point of detonation. Any light object, such as a leaf, 
wtien struck by the sliocic front, w rapMiy carried away 
from the point of detonation and then is blown back 
almost to the original position when the wind reverses. 
The shock front, the high pressure area behind it, and 
thefoliowing raietactkm form a complete wave to which 
the terms blast and shock wave, generally, are applied 
(figure 4-9). 
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(2) While the duration of the positive pressure 
portion of the blast wave is about one-fourth that of the 
portion at less than atmospheric pressure, the 
ampNtucle of the pressure at the shock front is much 
greater than the amplftude of the decrease in pressure 
below atmospheric. The duration of the positive phase 
varies with the explosive ctiarge and distance from the 
point of origin In one case, the duration of the positive 
phase is of the order of 0.006 second at a distance of 

1 5.5 meters from the bomb. A wall struct^ by such a blast 
wave is first pushed fbnward by the short sliarp, 
hammor-liko blow of the positive pres-^Lii^e r^hase and 
then pulled backward by the much longer negative 
phase. Whether the waN falls forward or backward 
depends upon circumstances. 

(3) Blast effect is nT^-n--. ircd by two criteria, 
peak pressure and impulse. Peak pressure is the pres- 
sure increase at the shock f rortt or the highest pressure 
in the shock wave minus atmospheric pressure. Impulse 
is mathematically equal to the area under the time- 
pressure curve for the duration of the positive phase 
(figure 4-9). This is approxhnaiely half the peak pres> 
sure multiplied by the duration of the positive phase 
Peak pressure represents a measure of the maximum 
force exerted against a surface by a blast wave, since 
force is equal to the product of pressure and area. 
Impulse represents a measure of the force multiplied by 
the duration. 



(4) As the shock front moves outward, the peak 
pressure decreases and the duration of the positive 
pressure phase increases. The rates of these changes 
vary witti the magnitude of the peak pressure, but the 
net effect is decrease in impu'-^p w-th increase in dis- 
tance from the bomb, impulse decreases approximately 
as the reoiprocal of the radius. 

(5) In general, two criteria must be satislSed in 
order to demolish any structure. Both peak pressure and 
impulse must exceed certain minimum values which 
depend upon the type of structure. Window glass 
requires a moderately high peak pressure tMJt only a k)w 
impulse value since the positive pressure need not last 
long to cause fracture. On the other hand, a bnck wall 
withstandsonlyasmal peak pressure, but the pressure 
must be of relatively long duration and therefore the 
impulse value must t>e high. The blast from almost any 
charge that devekips sufficient peak pressure will have 
sufficient impulse to break glass. Most bomb charges 
that develop sufficient impulse to demolish a brick wall 
also develop sufficient peak pressure to do so. A gen- 
eral rule is tfiat structures that are strong and light in 
weight, with respect to 'hp area presented to the shock 
front, require high peal^ pressure but no great impulse 
for demoliten. Heavy but relatively weak structures 
require conaiderable impulse but not such a high peak 
pressure. 



IMPULSE, on POSITIVE IMPULSE 

- AVERAGE PRESSURE X DURATION 




I TIME. THOUSANDS OF A SECOND 

I I I 1 I I 

0 5 10 IS 20 25 

Figun 4-9. T^kt^ praasun-UmB fteord htrtha bkM »om a tona>. 
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(6) Blast waves are feflected ftom solid sur- 
faces but not in the same manner as sound and light 
waves are reflected When the Incident and reflected 
waves intersect on the ground, they do not make equal 
arigles with the ground as do sound waves. Refer to 
figure 4-10 At smalf anqles of incidence (the anqlo 
between the normal to the blast front and the normal to 
(he reflecting surface), the angle of reflection is smaNer 
than the angle of incidence a n d 'he pressu re behind the 
reflected wave is greater than behind the incident wave. 
Such reflection of a blast wave from a bomb that has 
detonated above Itie ground gives rise to an increased 
pressure wave at ground level. When the angle of incf- 
dence (a) is greater than an extreme angle (a«) (40 
degrees for strong to a vtMiB approaching 90 degrees 
for very weak Shocks) the : n : dent and reflected waves 
do not intersect on the ground. This is known as irregular 
or Mach reflection. Reflection that occurs when the 
angle of inddenoeoccurs at the extreme angle is known 
as the extreme regular reftection. whereas, reflection 
occurring where the angle of incidence is smaller than 
the e)(treme is known as tegular reflection. When the 
incident angle exceeds the extreme angle, the rt:>tlected 
and incident waves intersect at some point above the 
ground. The lower portion of the reflected and the inci- 
dent waves fuse into one wave which is known as the 
Mach stem (M. figure 4-10). the point of intersection 
being known as the triple point (TP, figure 4-10). The 
resuHing existence of three waves, termed the Mach 
reflection, causesadensity discontinuity and a region of 
high pressure termed the Mach region is formed The 
pressure behind the front of the Mach region is approxi- 
mately twice that of the incident wave. The top of this 
high-pressure region, the triple point, travels away from 
the reflecting surface. As pressure and impulse appear 
to have their maximum values just above and bslow the 
triple point, respectively, the region of maximum blast 
effect is approximately that of the tripie potnt. The region 
of maximum blast elfect is determined by the height 
above the ground at which the blast occurs. At distances 
that are large compared to the height of the burst, the 
incident and reflected waves have fused and proceed 
outward as a aingle shook. After the point of complete 
fusion of the waves, the shock wave is the same as one 
produced by a double charge detonated on ttie ground. 
As the distance from potnt of the Mast increases, the 
Mach stem becomes nomuri to the ground. 

(7) Blast effects are enhanced by oonfinen>ent 
due to the reflection of blast waves by the confining 
surfaces. A blast wave traveling through a tunnel, cor- 
ridor, trench, or even a street decfeases in intensity 
eiuch nnoreshMrty than in the open. If abomb detonates 



within a buikling. (here is oonskteraMe reflection of the 

blast wave from the walls, even if they are demolished 
The rapid reflection of the wave from various walls, in 
such a case, results in a multiple punch effect on 
another wall. The oversl effect of confinement is 
increased in the vulnerable radius of demolition of the 
bomb charge. The analogous vulnerable radius of visi- 
ble damage (as delected by aerial obsenraMon) is also 
used to evaluate the offsets of bombing. 

b Blast Effects Underground An explosive 
ctiarge. if detonated while buned, exerts pressure on the 
sunounding earth and causes movement effects over a 
distance known as radius of rupture. If the depth of burial 
ip less than the radius of rupture, the explosion products 
blow tnrough the surface of the ground and form a 
roughly droular depression known as a crater. An 
expioston on the surface of the ground makes a shallow 
crater which may t>e a greater diameter than that pro- 
duced when the expk)6ive is buried. This is due to the 
scouring action of gases projected downward from the 
explosive charge. Important factors crater formation 
are the type of earth cratered and the type of explosive 
used. Explosives of a modwate charge in swampy 
ground rrake a relatively huge crater, whi'c n r; rock 
formation only a smaU crater will be formed An explo- 
siveof low detonation rate (hat produces a large volume 
of gases, may form a larger crater than TNT if the charge 
is well below the surface and the ground is not too hard 
or rocky. If the charge is on the surlace. a low-rate 
OMpkMlon makee a emaier crater than TNT Iwcause of 
the weakerscouring action of the lower velocity gases. If 
an explosive is buned at a depth exceeding the radius of 
rupture, the compresston effect downward and hori- 
zontally and the lifting with subsequent subsidence 
cause a depression on the surface known as a 
camouflet. 

c. Blast Effects Under Water. The detonation of 
Ngh expkxtive under water resutts in shock waves of 
ey'romcly high pressure which decay rapidly with dis- 
tance (rom the charge. Since the total damage is due to 
both the shock wsve and the subsequent bubble pulses, 
these effects must be separately evaluated One mea- 
surement to make is that of the penods of oscillation of 
the bubble, that is, the time intervals between succes- 
sive minima in the bubble radius. The length of the 
bubble period is related to the energy left after passage 
of the shock wave. In general, the longer the bubble 
period the greater tfie energy. A second meesurs of the 
energy o nv t o obtained from a study of the maximum 
and minimum radii of ttie bubble By a combination of 
radius and parted measurements, energy calculations 
csn be made. 



Digitized by^ooglc 



TM 9-1900.214 




fiEQULAR 
REFLECTION 



R-REFLECTED WAVE 
l-INCIDENT WAVE 
A-ANGLE OF INCIDENCE 
te- 1 EXTREME ANGLE 
lOF INCIDENCE 



EXTREME 

REGU'^AR 
REFLECTION 



MACH 
REFLECTION 



S-PLIPSTRFAM 
M-MACH STEM 
TP'TRIPLE POINT 
TR-fTRlPLE POINT 
I TRAJECTORY 



ngum 4-10. Madi r^hetion of tOaan wtM. 



4-7. Shaped Charge Effect. A shaped charge 
(figure 4- 1 1 ) i$ a cylindrical explosive charge with a lined 
conical cavity in one end. The explosive is generally 

pressed or cast The higher the detonation velocity and 
CJ pressure the more effective the shaped charge is. 



Very little effect ts produced by explosives having rates 
of detonation less than 5,000 meters per second. The 
Uner focuses the energy of detonation, thus enabling 
penetration of very thick and vary hard targets such as 
armof. 
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a. As the charge explodes, the detonation wave 
passes over the liner. The liner material is accelerated 
somewhat rxMrnal to the explosive-liner interface (figure 
4-12) Nearer the apex of the cone, the liner mass to 
charge ratio is lower so the velocity the liner material 
attains Is higher. Also, nearer the apex of the cona, the 
metal liner does not have to distort as much as further 
down. This also causes the velocity to be higher toward 
the apex. When the liner material converges at the 
oanler Una. or axis, of lha chaiga. $m surtaca material is 
squeezed out at high velocity This material forms the 
jet. Since the material closest to the apex is at a higher 
vatocHy. tha ponion of tha jet which oomaa from that 
area is also highest in velocity. Therefore, the jet has a 
velocity gradient. The material in the leading tip is mov- 
ing faster than the material toward the rear. The 
remaining material, which is tha iMrik of 0ia nnar, fomis a 
heavy slug which follows the jet at a much lower velocity 
After traveling a distance of about five or six diameters of 
the original charge, the jet begins to break up because of 
the velocity gradient and inhomogenieties in the charge 
and liner. Inhomogenieties in the charge and liner cause 
the jet particles to have slightly different directions of 
flight. 

b. The pressure applied by a shaped charge to a 
target is to the order of several megabars. This is well 
into the plastic range for almost all materials. Figure 
4-13 iNustrales tfie response of the target matoiiai to a 



shaped charge jet Penetration occurs as tt>e target 
material flows out of the hole. The material dislodged in 
tfie deefMT parts of the hols flows out along the wals. 
Penetration is affected greatly by the distance of the 
base of the shaped charge to the target. This is called 
stand-off and is usually expressed in charge diamelere. 
There is an optimum stand-oft distance for maximum 
penetration. At closer distances, the jet has not fully 
formed and at further distances the jet is tweaking up, 
causing tha particles to hit off center such that they do 
not contribute to penetration. Generally the optimum 
stand-off is between two and six charge diameters. 
Penetration is normally around four to six dtameters but 
could go as high as 1 1 to 12 diameters The optimum 
liner thickness is about three percent of the charge 
diameter for soft copper. If a different material is used, 
the thickness should be determined by measuring the 
weight of soft copper that would be used for the particu- 
lar charge diameter. This amount of material is then 
used. Uners made of less dense material wiN be thteker 
than the copper counterpart and liners made of nx>re 
dense material will be thinner. Materials which are 
commonly used include copper, steel, glass, and 
ahiminum. The angle of the cone apex varies from 42 
degrees to 60 degrees in American ammunition and 18 
degrees to 90 degrees in foreign ammunition. Forty-two 
degrees lathe optimum angle for maximum panalralion. 
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A. UNER IS ACCELERATED NORMAL TO EXPLOSIVE-LINER INTERFACE 




B. MATERIAL IS SQUEEZED OUT TO FORM THE JET 
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Flgu/B4'l3. Shaped charge penemtion. 
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C. When used in projectiles that "otate, shaped 
charge penetration is considerably reduced. Projectiles 
that have conical liners may lose as much as 50 percent 
of their effectiveness due to rolilion. In general, pene- 
tration Is reduced as spin increases from atwut zaro to 
200 revolutions per second, after which further 
incf68868 tiBvo MHa elfBct. RolsttnQ shapod dwiQSS 
produces holes of greater diameter than static charges, 
but rotation does not affect the volume of the hole pro- 
duced. Charvging the apex angle of the cone does not 
eiminate the reduction in penetration ceused by rotation 
of the charge. 



d. The United States uses one othor geometry of 
shaped charge liner, hemispherical. A hemispherical 
liner produces comparable jet energies to a cone- 
shaped liner. However, the velocity and mass dtotrKw* 
tion in the jet are different Hemispherical liners turn 
inside out with almost all ot the material projected in the 
jet. As much as TOtoM peicentof the material in conical 
liner stays behind to form the slug. In hemispherical 
shaped charges, however, jet velocity is only about half 
of lllat obtained in a oonicai shaped charge. Hemi* 
spherical shaped charges are less sensiliwa to rotation 
than oonicai shaped charges. 
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CHAPTER 5 
PROPERTIES AND TESTS OF EXPLOSIVES 



8-1. GMtnlRequlrenwnltof ExploalmforMIII* 
tsiy ApfriioflllQiw* 

a. General. Numerous compounds are explo- 
sive, howew the number of cofnjxHinds that can be 
inad miMailly ieivlalively smaN. Thischaplerdesaft^ 
the tests used to cull the usable explosives from the 
many that are unusable. Many explosive items are 
(iesigned for a minimum lifespan of ten years. These 
tests are designstf to charadsrlze the exptoalve as 

much as posstble before deployment to avoid problems 
during the user phase. The fypes of tests performed on 
•aeh exploalve depend, to a targe degree, on the 
intended use of the explosive. Most of the tests yield 
data which are used to rank explosives relative to a 
standard explosive. The relative rank is then used to 
detormine poeaWe applcalions. Few tests liave abso- 
lute ranges that explosives must taM into before use in 
nrulitary items is permitted. 

b. Availability and Cost. In view of the enormous 
quantity demands of modem warfare, explosives must 
be produced from cheap raw materials that are 
nonstrategic and available in great quantity. In addition, 
manufacturing operations must be reasonably simple, 
dwap. and safe. 

r Sensitivity. AmiMary explosive must be capa- 
ble ol being detonated and yet be as insensitive as 
possible. IMiiitary requirements for sensitivity are strict. 
Many compounds that detonate are not used as miitary 
explosives because of unfavorable sensitivity charac- 
teristics. 

d. Brisance and Power. The brisance and power 
of an explosive detennine applicability for specific pur> 

poses. Aljursting charge must be brfsant, butaditciiins 
charge needs to be powefiui and less brisant. 

e. Stat>ility. Military explosives must be able to 
wilhatand long periods of storage under unfavorable 

conditions. Storage conditions range from extreme heat 
and humidity m the tropics to the cold of arctic regions. 

f. Density. The fixed volunne available in a round 
of ammunition neoessltslss using explosives of 
maxtmum erergy density. In general, the greater the 
density oi the explosive the greater the energy availa- 
ble. INs is not true, however, tor some of the metaHo- 



organic primary explosives. The high density of these 

compounds is caused by the presence of mercuv or 
lead which does not add m energy content. 

g. Hygroscopicity. Hygroscqptcity, the proper^ 
of absorbing moisture, can have an adverse effect on 

the sensitivity, stability, or readhrity of some explosives. 
Explosives which are hygroscopic must be loaded in 
moisture-proof containers. This extra precaution is gen- 
eral^ undesirable, eo explosives which are nonhygro- 

scopic are used. Ammonium nitrate is an exception 
Ailhough very hygroscopic, the compound is extremely 
cheap and readily avaUaUe. 

h. MD/atfWy. Volatmty can cause loea by evap- 
oration, development of pressure in rounds of ammuni- 
tion, and separation of irvgredients in composite expk>- 
sives. These undesirable characteristics must be 
minimized in miltaiy exploaives. 

i . Reactivity. A military explosive m u s t b e a s n o n 
reactive as possible with the materials used in construc- 
tion of munitions. Compatibility of specific explosives 
wf«» these materials is discussed in Chapter 8. The 

reactions, which are accelerated by motsture in many 
cases, can cause liberation ot gaseous products, loss Of 
power, and loss of sensitivily. In some eases, such as 
with an azideand copper ttie metal! c salt formed can 
be dangerously sensitive. When the explosive is to be 
toaded in contact with or mixed with another mplosive or 
binder, reaellvity betwesn the Ingrsdlents must be 
minimized. 

j Toxicity. Minimum toxicity is a desirable quality 
for any military explosive. A discussion of the toxicity of 
the explosives of mMitary interest Is presented In 
Chapter 12. 

k Environmental Impact. The impact of manu- 
facturing and bading operations on the environment 
must be as small as possible. 

I. Demititanzation. A military explosive should 
have favorable demilitarization characteristics An 
example is plastic bonded explosives in which a ther- 
meNy sensitive binder is used. Upon healing, the binder 
decomposes and the explosive may be totally recov- 
ered lor reloadirtg. 
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m. Viilnerabmty md SaMy During Uae. Expio* 

sives must be as invulnerable as possible to conditions 
that will be encountered during use. The explosives 
must also be as safe as possible during both manufac- 
ture and use. 

5-2. Vacuum Stabiltty Tml iTiis test can be made 
at 100* , 120*. or ISlfC or any other desinMl tempera- 
ture, but a temperature of 100" or 120°C generally is 
employed. A weighed 1- or 5-qram sample of the dried 
explosive is placed in a glass neating tuioe, so d^gned 
that the ground neck can be sealed Willi mwouiy afler a 
calibrated capillary tube with a ground stopper end has 
been connected to the heating tube (figure 5-1). The 
lower end of the capillary tube Is attached to a cup in 
which about seven milliliters of mercury are placed after 
the connection of the fwo tubes has been made The 
system is evacuated until the pressure is reduced to 
about live ntHRmeiersor mereury. The level of the mer* 

err;' in the capillary tube 'ises to near the top and its 
exact position is marked and recorded. The junction of 
the two tubes is sealed with mercury. The heeding tube is 
inserted in a constant temperature bath maintained at 
the desired temperature ^O.S^C if an excessive 
anK>unt of gas (1 1 milliliters) is not evolved in less 
Mme, healing Is continued for 40 or 48 houre. The tube is 

removed fron the bath and cooled to room tomperatUfe 
and the level to which the mercury in the capillary lube 
has fallen is noted. The volume of gas Nberaled is cal- 
culated from the difference between the initial and final 
levels, the volume of the capillary per unit of length, tfie 
volume of the heating tube, and the atmospheric pres- 
sure and temperature conditions at the beginning and 
end of the test. Vacuum stability test yields reproducible 
values and when an explosive is subjected to this test at 
two or more temperatures, a rather complete picture of 
its chemical stability is obtainable. In soaio cases, tests 
at two or more temperatures are required to bring out 
significant differences in stability between explosives, 
but a test at 100*C is sufficient to establish the order of 
stability of an explosive Vacuum stability test has t>een 
found suitable for determining the reactivity of explo- 
sives with each ottier or nonexplosive materials. This is 
accomplished by making a vacuum stability test of the 
mixture and determining if the gas liberated is signific- 
antly greater than the sum of the volumes lit)erated by 
the two materials when teatod •eparalely. When used 
for this purpose, the test generally Is made at 100%. 
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Figure 5-7. Vacuum stability test. 

5-3. Impact Sensitivity. There are several different 
impact sensitivity machines in use. One type, the Expk>- 

sive Research Laboratory fERL) rnachine is shown in 
figures 5-2 and 5-3. The Picatinny Arsenal apparatus is 
Shown in figuree 5-4 and 6-S. Tlie Bureau of Mines 
af^ratus is shown in figure 5-6. Tf>e follow ng discus- 
sion is relevant to the Bureau of Mines and Picatinny 
Arsenal apparatus. Sensitivity to impact is expressed as 
ttie minimum height of fall of a given weight required to 
cause atleast one explosion in 10 trials, o'the minimum 
height of fall of a given weight to cause expk>sk>ns in 50 
percent of the trials. In such tests, the explosive to 

ground so as to pass througti a No. 50 sieve and be 
retained on a No. 1 00 sieve. In carrying out the test with 
the Picatinny apparatus, a steel die cup is filled with the 
Mpiosive, covered with a brass cover, surmounted with 
a steel vented plug, placed in a positioned anvil, and 
sut>jected to the impact ot a weight falling from a pre- 
determined height. The minimum height. In indies, 
required for explosion is found after repealed trials. In 
making the test with the Bureau ot Mines apparatus. 
0.02 gram of tf>e sample is spread uniformly on a hard 
steel block, over a circular area or>e centimeter in 
diameter. A hard steel lip of that diameter, imbedded ina 
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plunger, is lowered so as to rest on ttie explosive 
and turned gently so as to ensure uniform distribution 
and compression of the explosive. The plunger then is 
subjected to the impact of a weight falling from a pre- 
determined height. When the minimum height required 
for explosion is foun-i after repeated trials, this is 
expressed in centimeters. The Picatinny apparatus can 
be used for leeNng explosives heving a very wide range 
of aenai ti v ity. but the Bureau of Mines apparatus cannot 
cause the explosion of the most insensitive explosives 
and can be used only for testing explosives no less 
sensitive than TNT. The Picatinny apparatus can be 
used for testing solid or liquid explosives. The test with 
the Bureau of Mines apparatus can be modified so as to 
be applicable to liquid exptoslvee. This is acoompilshed 
by using 0.007 to 0.002 gram (onednip) of the explosive 
absorbed in a disit of dry filter paper 9.5 millimeters in 
diameter. 
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Fi^if9 5-2. Anvil striker arrangement. £RL machine. 
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Rgwe 5-3. Drop weight impact i 
ERL type, type 12 tools. 

5-4. Electrostatic Sensitivity. At the present time 
more than one method is used to determine electrostatic 
sensMivity. In all of the methods a spartc gap Is formed 

between an electrode and the explosive sample A 
capacitor is charged to a specific voltage \hen dis- 
charged through the gap. Both the size of ttie capacitor 
and the voltage are varied to vary the energy in the 
spark. Compounds which deflagrate or detonate at 
spark energy levels less than 0.25 joules are not 



5^ Detonation Velocity. Detonation vekx^ty can 
be determined in any of several ways: the choice of a 

method probably depends more on the availability of 
equipment and well tested procedures than on any 
inherent advantage of a given method. 

a. Ouonographic Method. The chronograpflic 
method is widely used. This method depends on the 
closir>g of switches either by the corxJuction of hot gases 
between two electrodes or by the forcing together of two 
e l octro des liy tlie pfessure induced liy the detonation. 
Precision of the measurements depends on the number 
of switches or pins that is used on tf>e charge and on tiie 
precision of the equipment. 
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Figwa 5^. Picatinny Arsenai impact test apparsb/s. 
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Figure 5*5. Parts of PicaUnny Arsenal test apparatus. 

b. ^ctronic Method. Another method, wMch ts 
also WMirely electronic, depends on embedding a 
resistance wire in the explosive. A constant current is 
maintained in the resistance wire and the return path, 
which may bea nearby embedded copper wire, a wire or 
toil on the surface of ttie charge, or a meta' rase if the 
charge is confined. The voltage across the resistance 
wira Is recorded on an osdlloeoofie. This voltage 
decreases as the detonation moves along the wire and 
effectively shortens the wire. This method gives, in 
effect, the instantaneous position ol the detonation front 
so that the slope of the trace on the record from the 
oscilloscope is proportional to the detonation velocity. A 
dosely related technique uses a resistance wire which 
is wound on an insulated wfre or other conducting core. 



These methods are not 'ucumrnonded for pressed 
charges. The precision of either version of the resist- 
ance technique depends on the quality of the charges, 
the precision of maldng the probes, and the precision of 
the c!ecrrnnics. For smaller diameter charges, the 
prot>es and wires may perturt the detonatK>n front so 
that a true value of the detonation valocHy cannot be 
obtained. 

c. Optical Method A commonly used optical 
method makes use of the streak or smear camera to 
reoord ^ Instantaneous position of the detonation 
front. Because the record gives the instantaneous k>ca- 
tion of the detonation front, the slope of the streak is 
proportional to the velocity. Simple data reduction 
techniques can be used for the applicatk}n discussed 
here. The traces are straight so that after digitizing, the 
data are fitted with a linear relation, the coefficient of the 
Ume being the velocity of the detonation. Again, this 
metf>odcan be made to give precise results if sufficient 
care is taken in preparing the charges and in arranging 
the experiment. 

5-6. Cook-Otf Temperature. To determine the 
cook-off temperature, a sample of approximately five 
milNgrams is placedon a meHing point bar. Thecootc-olf 
temperature is the lowest bar temperature at wliichtha 
sample flashes off. 

S-7. Friction Sensitivity. Friction sensitivity tests 
are made to determine the relative safety of an explo- 
sive during processing. The test may tie run on any of 
several types of macMnes. In the PicaHnny apparatus, a 
20 kilogram shoe with an interchangeable face of steel 
or fiber is attached to a pendulum. The shoe is permitted 
to fail from a height of one meter and sweep back and 
forth across a grooved Steel friction anvil. The pendulunn 
is adjusted to pass across the friction anvil 18 ±1 
times before coming to rest when no explosive is pre- 
sem. A seven gram sample of the eMptoeive la then 
spread evenly in and atwut the grooved portion of the 
frictk)n anvil, and the shoe is altowed to sweep back and 
fortti over tttm anvfl unlH ft oomes to rest Tests of 10 
portkjns of ttw sample are made, and the number of 
snaps, cracklings, ignitions, and/or explosions is noted. 
As the steel shoe is the more effective in causing explo- 
sions, tests with the liber shoe someti m e s will show 
differences between explosives indicaied hy thestael 
shoe to be of the same degree of sensitivity. 
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Ftgun S-6. Bureau of MKnes impact fut apparatus. 
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9S. Gap Tests. The gap test is used to measure the 
sensitivity of an expk>sive material to shock. The test 
rasuto are raported as ihe thickneM of an inert spacer 
material that has a 50 percpnt pmbabiiity of allowing 
detonation when placed between the test explosive and 
a standard detonating charge. In general, tile iarger the 
spacer gap, the more shock-sensitive is the expk>stve 
under test The values, however, depend on test size 
and geometry and on the sample (the partk:ular tot, its 
method of preparation, its density, and percent voids). 

Gap test results, therefore are onfy approximate indica- 
tions of relative shock sensitivity. Tests have been 
developed covering a wide range of sensKivilies for solid 
and liquid explosives at Los Alamos National Laboratory 
(LAND, Naval Surface Weapons Center (NSWC). 
Mason & Hanger-Silas Mason Co.. Inc., Pantex Plant 
<PX). and Stanford Research Inatiiiile (SRI). The test 
configurations are briefly described below In all cases. 
detonatk>n of the acceptor charge is ascertained by the 
dent produced in a "witness plate." WMIe there are 
many more potential gap test geometries, those are \ho 
test contigurations for which results are reported tn this 
manual. 

a. NSWC SmaH Scale Gap Test (SSGT)- 

Donor 25.4 millimeters (1 inch) outer diameter 
x38.1 millimeters (1.5 inches) long BOX 
pesBi. 

Acceptor 25.4 millimeters (1 inch) outer diameter 
X38.1 mWimelers (1.5 inches) long. 

Spacer 25.4 millimeters (1 inch) diameter Ludte 
disks of different thicknesses. 

Results are reported in millimeters. 

b. LANL SmaH Scale Gap Test (SSQT) 
Donor Modified SE-I detonator with PBX-9407 

pellet 7.62 millimeter diameter ■ 5 26 milli- 
meters long (0.0300 inch x 0.207 inch). 

Acceptor 12.7 millimeters diameter x3B.1 mMhneters 
lor>g (0.5 inch x i .5 inches). 

Spacer Brass shims in 2.5 mlHlmeter (0.1 inch) 
IrKsremenls. 

Results are reported in mlHimeters. 

c. lANLLatge Scale Gap Test (LSGT), 

Donor 41 .3 millimeters diameter x 1 02 millimeters 
long (1.625x4 inches) PBX-9205 pellet. 



Acceptor 41 .3 millimeters diameter x 102 millimeters 
long (1.625x4 inches). 

Spacer 41.3 millimeters diameter f1 625 inches) 
disks of 2020-T4 Dural (aluminum). 

Rseutis are reported in mlliinstsiB* 
d. PX Gap Test. 

Donor 25.4 millmeters dlamelerx38.1 mUiimelars 
long (1 Inch XI. 5 inches) LX04 pellet. 

Acceptor 25.4 millimeters x 25.4 millimeters 
(1x1 inch) right cylinder. 

Spacer 25.4 millimeter (1 inch) diameter brass shims 
In 0.25 millimeter (0.1 inch) m crame nte . 

Results are reported in millimeters. 

S4i Flying Plate Test. The flying plate test is used 

to measure the vulne'-abilify of an explosive to high 

velocity impact. A steel plate is propelled by the detona- 
tion of an exploelve at the sampla undertest The veloo- 
ity of thp plate is adfusted by varying the size of the 
explosive charge. 

5*10. Transportation Vibration. This test is (Mr- 
formed on an end item to determine if the exptosive is 
satisfactory tor that specific appiicatk}n. The test con- 
sists of vibrating explosive components according to a 

specified schedule of frequencies, amplitudes, and 
durations while being maintained under prescribed 
temperate conditions. 

5-11. Temperature end Humidity. This test con- 
sists of exposing end items containing exptosives to 
c ondition s of cycling temperature and humidity. 

5-12. Jolt. In this test an end item containing expk>- 
alves Is attacfisd tothe endof a pivoled arm. The arm le 
raised to a prescribed height and allowed to d rop freely. 
The end item strikes a leather padded anvil. The test is 
repeated a prescribed number of times with the end item 
in a number of different orisntaHons to the anvil. 

5-13. Jumble. In this test an end item containing 
expk)sives is placed in awoodHned steel box. The tMM is 
then rotated about two diagonal comers at a speed of 30 
revolutions per minute. The rotation is continued for 

3.600 revolutions. 
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5-14. Forty Foot Drop Test In this test, explosive 
components, such as bombs, ve dropped 12.2 meters 
(40feet) onto a hard impactaufface The impact surface 
consists of a steel plate on a concrete pad. The impact 
area is surrounded by walls of sufficient height and 
strenoth lo oonlsin the oomponent during rabound>Tlie 

component is riropped a number of times SO different 
areas of the item are exposed to the impact. This test is 
used to detormfne Hie saffisty of both Ihe oomponent 
case and the contained explosive. No cracks, biaahs, 
deformation, or displacement should occur in the com- 
ponent case. No explosion, burning, or charring of the 
explosive shoukt occur. 

5-15. Growth and Exudation Characteristics. 
When exploeivee contain liquids as impurities, they 
often undergo irreversible dimensional changes when 
subjected to many temperature cydes between -54'C 
and+7rC. In explosives containing TNT, the dinitro- 
toluenes tofm low-melling NqiM eulsctlcs which cause 
problems. Mononitrotoluenes added as anti-cracking 
agents give large irreversible growth in TNT explosives. 
In Hie use of pure TNT explosives, one soluBon to ttie 
cracking problem is the use of pure TNT with addition of 
high melting point eutectic formers which reduce cradt- 
ing without introducing ot^jectionaole irreversible 
dimensional change during the normal temperature 
variations encountered Another cause for irreversible 
dimensional change is the solid polymorphic transition 
such as occurs with ammonium nitrals. (Refer to 
ammonium nitrate in Chapter 8.) Procedures for solids 
include measurinq any cylindrical sample at least 1 27 
centimeters in diameter by 1 .27 centimeters in height, 
temperature cycled between-54*C and-f 60*C for 30 

cycles or more If no exudigtinn or exresf.ivp growth is 
noted, an additional test can be made for exudation by 
placing two cyMnders together inside a sealed can. 
These should be held together by parallel steel face 
plates and clamped together at an initial pressure of 
413.7 kilopascals. The sealed unit is subjected to 30 
cycles from ambient to 140*F, maMaining each tam- 

perature long enough for the entire sample to reach the 
temperature of t))e oven. The sample is then observed 
for exudation. Any exudate is removed and weighed. 

5-16. Rifle Bullet Impact Test. Rifle bullet impact 
tests may use a .30 or .50 caliber Dullet. Results 
leportad in this manual uae a .30 cattier bulel. m the.dO 
calil>er test a bomb is prepared by screwing a closing 
cap to one end of a piece of cast iron pipe 7.62 centirT>e- 
tecslong, S.08eefNAnMlersin diameier> and threaded at 



both ends. The bomb is fiied with the cast, presaedt or 
Iquid expio8h« and Is doeed by screwing on a cfoeing 

cap. With the loaded bomb in a vertical position, a 
caliber .30 bullet is fired through it from a distance of 30 
yards, so that the bullet stnkes between the two closing 
capsand at aright angleto the axis of the bomb. Five or 
more such tests are made and the percentage of explo- 
sions is tH^Bd. TtK>se explosives which do not detonate, 
deflagrate, or bum are considered highly desirable. 
Those which bum but do not detonato are stUi generally 
satisfacton/ but those which detonate are used only m 
applications where detonation from projectile impact ■$ 
unlica^ bscause of pnilectiont high altitude rstaase, or 
other co ns i dofBl ion s . 

5-17. SUSANTeet The SUSAN SensWvity Testis a 

projectile impact test. The projectile head contains 
about 0 45 kilograms of explosive and the target is 
armor-plate steel. Figure 5-7 shows the projectile used 
in Ifils test. The results of the tests are ex pie sa ed as a 
sensitivity curve in which the relative point-source deto- 
nation energy released by the explosive on impact is 
plotled as a function of the projectile velocity. The rela- 
tive point-source detonation energy can be derived from 
a transit-time measurement of the air shock from the 
point of impact to a pressure gauge three meters (10 
feet) from the point of impact. The results determined in 
this manner are somewhat subjective, particularly when 
the reaction level sfiows a large but relatively slow 
increase with time. The currently preferred way to 
determine the point-source detonation energy is to 
relate it to the overpressure measured by the pressure 
gauge. This method gives much more reproducible data 
and is not subject to many of the errors of the transit-time 
measurements. On the figures in Chapter 8, the energy 
scale ranges from zero (no chemical reaction) to about 
100 for the most violent detonalion-lilce reaciions (al 
explosive consumed). Less violent buming reactions 
that appear to consume all of the explosive can give 
values as low as 40. whereas the energy equivalent of 
TNT futfy reacted as a point source would be 70. In the 
test matenal of Chapter 8 details of the impact process 
pertinent to the impact safety of an explosive are given. 
Remarks about probabilities of large reactions are rele> 
vant to unconfined char.jGs n the 11 kilogram (25 
pound) class. Smaller unconfined charges show a trend 
of decreasing reaction level as the charge size 
decreases. References to the "pinch" stage of impaot 
refer to the terminal stage of the test when the nose cap 
has completely split open longitudinally and has peeled 
bade to lhesteelpro}eclile body, which is rapidly brought 
toahalt 
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LEATHER CUP SEAL ALUMNUMCAP 




FIgun 5-7. Seated drawing ot the SUSAN prqjectHe. The high exploahfe head 
I»4itt.longmid2ln.lndlameter(.l02mxo.05l m). 



S-IS. Skid Tests. A combination of friction and 

impaCI 18 ■ irai|IMnl C B IU B B OI eOOOmffB WfWV Nvys 

pieces of an explosive can be dropped a few feet The 
skid test measures the sensitivity of an expiosive mate- 
rial NMng a rigid surface at glancing angle. In one tatt- 
ing configuration a sample of the explosive is dropped 
vertically onto a hard surface inclined at 45 degrees In 
another testing configuration the expiosive sample is 
fMactiad Id ttie and of a paraMuni. The pandukim ia 
aiRjwaa io aimng irom a pfaonarnwiao neigni. 

S-10. AdWMAteSanallMlyTatL In the adMbadc 

aartsitivity test a sample of theaxploaive is placed in an 
airtight holder. The top of the holder has an air com- 
prassing piston that decreases the volume and thus 
incraaaaatha piaaawainthataatolwwibartwtian slniclc 
by afMing weight. The results of the test are reported as 
tha height the weight must fall, thus the degree of com- 
pPBUion, ID proauca oeumnon in an percem or me 



5>20. Fragmentation Teat In the fragmentalian 
teataohargaof Ilia astploalva undarlaat ia loaded into a 
cylinder or artillery shell and detonated in a pit filled with 
aand or sawdust. The fragments are separated mag- 
nadcally and categorized t>y weight This test also givee 
an indhsation of the briaanca of ttie aixploaiva. 



5-21. Cylinder Expansion Test. 

a. An important problem faced by the designer of 
fragmentatton warheads is ttiat he must maximize the 

energy which is transferred from explosive to metal 
during tt>e detonation. The most frequently encountered 
configuration is that of an axploalva-mad malal cyilndar 
detonated by a wave moving axially. The t)est scaling 
law that has been devised for this condition is that of 
Gurney, who disregarded detonatkxi condittons and 
shook affects in the metal and aiailinad Implicitly that all 
the energy of the expkntve is oonaafvad. His aqMOtion 
for the cylinders is 

where v is the velocity to which the metal is acceleratad 
by the explosive, £ is unit energy content of the expio* 
alve, C is the weight of theexploalva, and M istha metal 
vraight. This expresskxi of vetodty in terms of CIM 
Implies that weight-ratio scaling of explosive and metal 
is of prime importance and titat dimenstonal scaling 
need not tie oonaldeied at al. The term 2E has the 
dimensions of a velocity aa nwapoinladoulbyQumay In 
his original report. 
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b. Determination of the Gumey constant of a war> 
head explosive is made in the cylinder expansion test 
where the explosive contained in a metal cylinder » 
end-detonated and the maximum lateral velocfty of the 
metal is measured The qeomelrv resembles that of 
most fragmentation warheads, particularly as to lateral 
confinement of the explosive. The dimensions of the 
cylinder can be chosen so as to give the full run-up to 
detonation velocity before reaching the location of frag> 
ment velocity measurements, and the end-retoase 
oHtab can !)• Inpt 1^ enough downatraam 90 as not to 
affect fragment velocities. Other techniques for 
evaKiating explosives, while of full value in their own 
contexts, are all less applicable to the prediction of 
effects in the fragmentation warhead. The plate-push 
test transfers only about one-fourth as much of the 
eriergy of the explosive to the metal as does the cylinder 
expansion; also, theaircuehion bet«veen explosive and 
plate is highfy unrepresentntivp of the warhead config- 
uration. Other rating tests such as the plate dent. t>atli8* 
tic mortar, and the TrausI lead bkxk are even more 
unrapreeentBllve geometrically. 

c. The cylinder expansion test is any test do 
fwmed where a metal cylinder (relatively thin walled) is 
loaded with an explosive and this explosive charge is 
detonated. As the detonation occurs, the expansion of 
the cylinder wall is observed and recorded in such a way 
that the rate at which the wall moves outward can be 
fbNowed up to the point where the expaiKSng cyKnder 
wall is obscured by the reaction products as they brealc 
through the waN. 



d. The method for obsen/ing the wafs expansion 

varies It has been recorded through the use of elec- 
tronic pin probes and raster oscilloscope recordir>g 
systems as well as with flash X-ray techniques. It has 
also been accornptished by ttie use of streak cameras 
and framing cameras. The Lawrence Radiation 
l.atX)ratory mettwd uses a streak camera for the 
recording olfhe wall velocity and e pin probe meltiodfor 
determining the detonation veiocib/ of the explosive 
while It is exparKtir>g the wails ot the test cylinder. The 
Alon^ Weapons Research Establishment. UK, uses 
both electronic pin probe and streak camera methods to 
record the wall expansion, and pin probes for the deto- 
nation velocity. There is some reason to believe that» 
perhaps in the early stages of the expansion, the pin 
protie nf>ethod may be more accurate, but the data 
reduction is also a bit mote difficult in some respects 
than with the streak camera record. 

e. Witsn various expioshresaro rated in the stan- 
dard qeo metry , the relative performance Of these explo- 
sives becorr>es readily apparent. This permits the 
warhead design engineer to select an explosive com- 
pound for a specific f Oat ure of its performance. 

f. It has been demonstrated that cylinder expan- 
sion test results scale up or down over a wide range of 
sizes. 
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CHAPTER 6 
PROPERTIES AND TESTS OF PROPELLANTS 



6-1. Introduction. Th« twiB parflonnKi on propal- 

lants can be divided into three classes mandatory pre- 
scribed, and optional. The mandatory tests, covered in 
paragraiphft 6-2 through 6-13. ar» s«(My t««ts. Those 

tests must be run on each propet'anl formulation The 
pre8Crit)ed tests, covered in paragraphs 6 14 through 
6-17, provide useful information atXHJt a propellent for- 
mulation. These tests are generally run on propellant 
formulations after the mandatory tests The optional 
tests, covered in paragraphs 6-18 through 6-23. are only 
run If warranted by the Intended appNeation of the pro* 
pellant formulation. Tests in which a p'opellant formula* 
lion is healed are called accelerated aging tests. 

6-2. Compatibility. Compatibility can be measured 

t>y any of three methods; Taliani test, vacuum stability 
test, and differential thermal analysis. The propellant 
and the inert malarial being lasted for oompaiibility are 
mixed together in some ratio which may vary from eq u a I 
parts of propellant and test material to 10 parts propel- 
lant and 1 part inert material. In the vacuum stability lest, 
increased reactivity is indicated by Ihe mixture evolving 
more than five milliliters of gas over the sum of the 
amount of gas produced by the ingredients tested sepa- 
rately. In adiffarential thermal analysis, inereased reae- 

tivit\' is indicated by an upward displacemen* of the 
curve, in the Taliani test, increased gas production also 
indlMtas more readivity. Increased reactivity is con- 
sideiiad evidence of inooinpatibilily. 

6-3. External Heat, in this test, also called the bon- 
life test, the propellant formulation Is loaded into a 

standard cartrtdgg assembly or storage container The 
sample is mounted 30.5 centimeters (one foot) above a 
lire wtiich is allowed to txjm for 30 minutes. The test is 
recorded using a 16 millinrteter movie camera.The film 
record of the test is examir>ed to determine if any deto- 
nation occurred No detonation reaction is considered 
the aoceplable criteria for a propellani formulation. 

6-4. Deflagration to Detonation Transition. In this 
test, an igniter is placed in the bottom of a tall test 
container which is then filled with the sample material. 
Propeiiants must not undergo detonation when ignited 

in this manner 

6-5. Heat Tests. Heat te$ts are performed at 
I34.5°C for single-base propeiiants and 120'C for 



double-and triple-base propeiiants These tests 

measure the stability of the prooeltant Specimens 
of the propellant are placed into the bottom five 
centimeters (two inches) of a glass test tube. A S 
piece of methyl violet indicator paper is placed 
vertically in the tube so that the lower end of the 
paper is 2S millimeters from the specimen. The 
tube is corked and set into a constant temperature 
block or a constant temperature reflux bath The 
temperature must be maintained to wuhm 0 
The result of the test is reported as the ti me re- 
qutred for the test paper to -'^.inqp color to salmon 
pink For the propellant to pass the test, the color 
change cannot occur in less than 40 minutes or 60 
minutes, depending on the propellant formula- 
tion, and the sample may not explode in less than 
five hours. 

6-6. Vacuum Stabinty. Vacuum s'abili%' tests are 
performed at 100°C for single-base propeiiants and 
90'C for double- and triple-base propeiiants. This test 
determines propellant stability on Ifie basis of tfie vol- 
ume of gas liberated on heating the propellant unde-- 
vacuum. The propellant specimen is placed m a heating 
tube which is then connected lo a capillary tube Mer- 
cury is placed in a cup on the other end of the cap llary 
tube. The system is then evacuated to approximately 
fivemlNimeters. The mercury is then allowed to enter the 
capillary. The heating tube is then placed in a constant 
temperature reflux bath. The volume of gas liberated 
during the test is determined by observing the mercury 
level. If rate data Is desired. Ifte volume of gas is 
observed at regular intervals ft the volume of condens- 
able gases is desired, the volume of gas is calculated 
based on measurements before the tube is removed 
from the constant temperature bath. Although there is 
no specific pass-fail critena established foi this test, the 
test is stopped when the gas volume reaches 1 1 -«-mil. 

6-7. Closed Bomb. The standard ck>sed bomb is a 
thick-walled cylindrical vessel capable of withstanding 
gun pressures. The bomb is equipped with firing elec- 
trodes to aftoct ignition, a pressure Iransduoer, a gas 
release valve, a thermocouple, and temperature con- 
trolled water jacket The result of the test is a pressure- 
time plot. There is no pass-fail criterfa for this test. 
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M. SurwHlMiM. In ttw aurv«nianoe tost, a 45 

gram sample of the propellant is placed in a 237 milliliter 
(eight ounce) glass, stoppered bottle which provide an 
essanlially airtight ami. The bottle consists of a spooial 
colorless resistance glass which has no more than 0.02 
percent alkalinity calculated as potassium hydroxide. 
The test is performed at 65.5°C. The bottle and contents 
are plaoed in a cfiambar and Itia tamparalure is legu- 
lated to within one degree centigrade. After 24 hours of 
heating, the stopper is reseated. Daily observations are 
then made to check for the appearance of reddish fumes 
which indk»te the presence of oxides of nitrogen. 
Single-base propellants. when new, shouW last for fif- 
teen hundred days before fuming. Doubie-Oase propei- 
lante should last at least 400 days. This test does not 
yield reliable data for 'nple-basf? p'npeilants. For these 
propellants, the stabtltzer content is analyzed at regular 
time Intervals. The rate of stabliizer depletion gives an 
indication of the maximum storage life of the propellant 
A stabilizer depletk>n test can also be performed on 
single- and double-base propellants. 

6-9 Card Gap. The card gap test measures the 
sensitivity of a propellant tormulation to detonation by a 
^hock wave. A sample of the propellant is placed In a 
cardboard tube with a booster explosive. The explosive 
and sample are separated by a series of 0.254 milli- 
meter (0.01 Inch) oeNulose acetate cards. The test 
results are reported as the number of cards necessary 
to prevent detonation of the 5anple. Tir-ee successive 
trials with no detonation are required. Seventy cards 
rapraeentthedMdinglnebetvwen an explosive and lim 
hazaid material. 

^10. Cap. This test determines whether a propel- 
lant formulation can be detonated by a shortened 
number eight blasting cap. The sample and blasting cap 
are placed on top of a lead cylinder. Whether a detona- 
tion occurs is detemilned by the degree of oomprassion 
of tf>e cylinder. The test results are reported as either a 
detonation, sample bumed, sannple fragnf>ented but no 
rsoelion, or no leaelion. To pass thistest, the propellent 
must not detonate. 

6-t1. Electrostatic Discharge Sensitivity. This 
test detenminee the ssnsitivlly of a propeiant termuf a- 

tinn to energy from an electrostatic discharge A test 
sample of not more than 50 milligrams is placed on a test 
plate. A capacitor Is charged to the desired energy level 
with a 5.000 volt power source and discharged into the 
sample through a steel needle. Results are reported as 
the maximum eriergy which can be applied without 
deoomposhig thesainpte. TVranty consecutive negative 
leeulto are required at tttespedRed energy level. High 
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aeneilivitymalerialyisldsresulto in therangeof 0.001 to 

0.00875 joules, medium sensitivity material in the range 
of 0.00875 to 0.0125 joules, and low sensitivity material 
in the range of 0.0125 to 12.5 Iculss. 

6-12. Friction Sensitivity. This test i? performed on 
an apparatus which consists ot a metai sliding block, a 
stedonaiy mslai whesi that is attached to a hydrauic 

ram, and a weighted pendulum The sample, amounting 
to no more than 50 milligrams, is placed on the bkxA 
underihe wheel. Presaure is applied using the hydraulic 
ram The pendulum is raised to a 90 degree position and 
dropped. Results are reported as the maximum force 
which can be appiied to the wheel without causing the 
aample to decompose, iviormaily, 20 consecutive nega* 

tivG results must be obtained. Theresultsof this test are 
compared to those obtained for other propellants. Most 
standard piopeliante have values of about 4.360 
iwwnns. 

6-13. Impact Sensitivity. This lest may be per- 
formed on any of the standard Impact sensilivily 

devices The results of the test are compared With data 
Obtained for other standard propellants. 

6-14. High Loading Rate Compression. In this 
test, propellant grains are subject to compressive load- 
ing at about the same rate and in the same time frame as 
occurs in the chamber during firing. The propsMant 
grains are machined to give flat parallel ends with a 
length to diameter ratio of approximately one. The 
machined samples are compressed perpendicular to 
the flat ends using a higii rate hydraulic servo. The servo 
is computer controlled. The results of the test are the 
maximum compressive strength, the strain at the 
maximum comprmsive strength, stress-etiain curves, 
the time to maximum compressive strength, and 
whether the mode of failure was brittle or ductile. A drop 
tower apparatus mof also be used to obtain higher 
strain rates. 

MS. Low Loading Rate Compreaaton. For this 
test, prapellant grains are machined to give flat parallel 

ends usuaify with a length to diameter ratio of one. Solid 
grains are usually extruded to yieki a diameter of 
approximately 1.27 ce n timeters (0.5 inches). The 
device used for this test is a mechanic i'ly driven, elec- 
tronically controlled tester capable of continuously 
recording the k>ad exerted on a test specimen, llie 
compressive effect on the sample is also measured. 
The result of the test is a load-displacement curve. From 
this curve the strain at maximum compressive strength 
and maximum stress are computed. 
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6-16. Talianl. The Taliani test is used to determine 
the stabili^ of a propeilant A ctry sample of the propel- 
lant Is placed in a tube, healed to a specified tempera- 
ture (usually 110°C), and the tube is evacuated. The 
composition of the atmosphere above the sample is 
controlled by alternately fiiiing with nitrogen or anottier 
gas and evacuating a specHled number Of limes. The 

pressure is then reduced and heating is continued. The 
pressure in the tube is measured with a marx>meter. The 
Inciease in pressure ss the lest progressee Is s mea- 
sure of the rate of deomposition of the sample. The test 
result is a grapt^ of the time versus the pressure in the 
tube. Ttie toilowing data is usually reported: the time in 
minulee requliwl forttie prsesuielo iseoh 100 mM- 

meters of nercun,', the s'ope of the line at 100 mill" 
nrteters of mercury, and the slope of the line at 100 
nnlmilss. 

6-17. Explosion Temperature. In this test a sam- 
ple of the propeliant formulation ib loaded into a gilding 
metal tube and then immersed in a woods metal both 

which has been raised to a specified temperature The 
time to ignition is recorded. Ignition is detected by noise, 
flash, or smolte. The ignWon time is obtainsd at seversi 

temperatures. A time-temperature plot iS made. The 
result that is reported, the temperature required to ignite 
the propeliant k\ five seconds, is obtained by extrapola- 
tion of the time-lemperalufe plol. 



6-18. Strand Burner. In this test a strand of propel- 
iant that is 1 7.8 centimeters (seven inches) long and 3.2 
mHHmeiers (on^elQhth of an Inch) In diameter Is placed 

kx a bomb in which the temperature and pressure can be 
regulated. The strand is placed vertically In a jig and 
ignited at the top. Vertical burning is ensured by coating 
Ihe strand wilh s compound tliat doee not Inleftare wHh 
the burning of the propeliant Two wires are inserted 
through the Jig. one 6.4 millimeters (one-(^jarter of an 
inch) from ihe top of the strand and Itie other t2«7 
centimeters (five inches) below the first. As the propel- 
iant burns, an electronic circuit »hrough the two wires is 
Ixoken and an automatic timer is used to determine the 
burning time. The rate Is cateuialsd from the strand 
length and bnminq ^ime The effect of initial temperature 
and pressure on the burning rate is measured. 

6-19. 90*0 Dutch Weight Loss Test. In this test, a 

four gram sample of a propeliant is placed in a stop- 
pered lube and inserted in a healing Oloclc which is 
maintained at 90*C. Every eeoond day ihe stoppered 

tube is removed and cooled to room temperature for 30 
minutes. The stopper is then briefly lifted and closed 
again. The tulw is weighed to the nearest mlMgram and 
reinserted in the heating block. The test results are then 
plotted as weight \osa percentage versus the time in 
days, as shown in figure 6-1 . The initial bump in the 
cun/e. which leeults from loss of volattles, is ignored. 
The results reported n's the number of days coinciding 
with the kinit in the curve, which indicates the onset of 
instatrilfy. 



% WEIGHT LOSS 
BETWEEN WEIGHINGS 





Figum&l. 90'COutohw9ioMto$9l»str98ull9. 
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6-20. Shaped Charge Jet Impact. This is a vul- 
nerability tast. The propellant is loauQed into a standard 
isefbklye. ThB iiMttMoe Is pteced bsMnd s 1.27 cenli* 

meter (one-half inch) ste«l plate, A shaped charge jet is 
fired through the steel piate directly at the cartridge. 
Video tapo and film BfouwdtofBOOfdHwiMMsUonflflliB 
propellant in the cartridge. The resuMs an eomparad to 
the raauHs for ottwr prapailante. 

64(1. StwpadClHiiga JalSpai. This Is a vulnor> 

ahifity test The propel'ant is loaded into a standard 
cartridge. The cartridge is placed behind a 1.27 centi- 
nwlsr (ons'half Inch) steal ptala. A shaped charge te 
aligned so that the jet does not Impact the cartridge shell 

when fired through the plate, but the spall from the plate 
does. Video tape and tilm are used to record the reaction 
of the propaMant In tha carlrldga. 



6-22. Single Fragment Impact. This is a vulner- 
ability test. The propellant is loaded into a standard 
carMdga. Stendaid .SO caNbar 208 gralii fragmanls m 

fired into the cartridge at a velocity of about 1 ,585 
meters per second (5^00 feet per second). The velOGi^ 
oi Via nBgnanis oaioiv irnpaot is laooiaaa afw vrmo 
tape and film are used to rsoord ttia raadton of Ihe 
propellant in ttia oaflrfdgs. 

^2S< MuH^rta FkaBroanI linpaGta This Is a vubiaf^ 

ability test The propellant is loaded into a standard 
cartridge. Fragments are explosively launched at a 
velocity of about 236 meters per second (7,500 fast 
per second) In a pattern such that each cartridge is 
impacted by at least two fragments The velocity of the 
fragments tietore impact is recorded and video tape and 
IHin am usad to ksoorI tha raacUon of tha prepafimt in 
tha cartrMga. 
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CHAPTER 7 
UNITED STATES PRIMARY EXPLOSIVES 



7-1. tntroduction. T his chapter contains discus- 
flions of mtWary primary explosivm. The chemical, 
physical, thermochemical, sensitivity, performar>ce, and 
stability characteristics of each explosive are covered. 
The method of manufacture is also given. If krtown, the 
chemical etracluFe of each compound is shown. This 
chapter also oonlaine a diacusaion of primInQ composi- 
tions. 

7-2. LMdAiMt. 

a. Lead azide, PbfNj):, is a salt of hydrazoic ac'd, 
HN3. The compound ts white, has a nitrogen content of 
28.86 percent and a mdeoular weight of 291 .28. At the 
melting point, 245'C to 250''C, decomposition into lead 
and nitrogen gas occurs T^e pure compound has two 
crystal modifications, an onhorhombic form and a 
mcnodinic form. The ort h orhomMc Htm, which is also 

called the alpha form ha^ a density of 4 68 grams pOf 
cut>ic centimeter and unit cell dimensions of a = 11 .31 
Angstrome, b»18.2S Angstroms, and cb6.63 Ang- 
stroms. The monoclinic form, which is also called the 
beta form, has a density of 4.87 grams per cubic cen- 
timeter and unit cell dimensions of a = 1 e.49 Angstroms, 
b»8JM Angsiioms, and c-5.l2 AngMoms. The com- 
pound ia uaual^ prapafsd as coiorts ss . noediellw 



Cfystals. Jho onhortx>mbic form is very sensitive. Dur- 
ing manutacturs. the production of this crystal form must 
be avoided. Lead a2ide is soluble in acetic acid and 
almost insoluble in etfier, acetor>e, alcohol, ammonia, or 
organic solvents. In water the solubiNty is 0.02 percent at 
18*C and 0.09 percent at 70^. Lead azide nuiy be 
dissolved in monoethanolamine or n a 50'50 mixture Of 
monoethanolamine/ammonia. Recovery can be 
eccompiished by adding dilute acetic add, but the pro- 
duct obtained will be impure. The heat of formation at 
constant pressure is - 1 1 2 to - 126.3 kilocalories per 
mole. The calculated heat of detonation is 0.367 
idkicalories per gram. Lead azide isuaedSKlsnsively as 
an ingrsdient In initiating oompositioiis. 

lN-N»NhPb**[N-N»N]- 
Figun 7-1, Strucftira/ fomiuto for lead aik/9. 



b. The fbnns of lead azide used fbr mNitary pur> 

poses include the following tyoes. Table 7-1 compares 
the properties of the types of lead azide. 



Table 7-1. Various Typos ot Load Audo 



Pioparties 


DLA 

(«yp« 1. US) 


SLA 


CLA 
(typ« II. US) 


PVA4A 

(US) 


RD-1333 


DCLA 


Golor 


Buff 


White 


While 


White to 


m 












burr 






Lead azide, percent 


92.7 


98.1 


99.9 


98.0 


98.7 


95.3 


Total lead, percent 


69.3 


71.5 


71.67 


71.8 


71.06 


89.99 


Particle size, mean. 














microns 


24.$ 


86.0 


3.4 


19.0 


34.5 


1.74 


Apparent density in 














grams per cubic 














csnlimeler 


1J3 


• 


0.85 








Density, pressed at 














103,425 kilopascals. 














(15,000 psi) in grams 














per cubic centimelsr 


3.14 


3J1 




3^1 




• 


Sand test values 


13.8 


• 


15.0 
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Table 7-1. Various Types of Lead Azide (Continu9d) 





DLA 




CLA 


PVA-LA 






Properttes 


(type 1. US) 


SLA 


(lyp«tl.US) 


(US) 


RD-1333 


DCLA 


Rve second explosiofi 














t6niperatur6 








i4.n 






Impact sensitivHy 














Picatinny Arsenal 














apparatus with 2 














kilogram weight. 














in ir>ches 




2 


2^ 






4*0 


Uharge weight in 














miiiigrams 


no 

do 


Jf 








1 A 


BUIMU Of MfMS 














apparatus with 2 














Kiiogram weight in 














cernirTieiefs 




JO 


« 


13-16 


lis 
19 




Picatinny Arsenal 














apparanis wttn ouu 














gram weight in 














InchM 


12 




6 


18 


19 




Charge weight in 






I 31 






milligrams 


ZB 






el 




Bureau of Mines 














apparatus with SOO 














gram weight in 














ceniimeiers 


lUU T 




35 


100 + 






Minimum cnalga In 














milligrams requifed 














to tniiiaw w 














fimigieHnS Of nUA 














n an M47 aetonaior 


90 


29 




30 


cO 




Vacuum stability in 














milliliters per gram 














100^ C, gas avolvod 


0.32 






0.20 






120 "C, gas evolvad 


0.40 


* 




0.44 


n 

U.40 




lOO^C Heat test: 














Loss In sanipie wt 














in 0 nrs, *7o 




0 11 


0.12 


0.30 


• 




Loss in sample wt 














•n 48 hrs, % 


U.«34 


U.UO 


• 


0.13 






Loss in sample wt 














in 96 hrs, % 


0.39 


0.16 






0 30 




Explosion in 100 hrs 


None 


None 




None 


None 




Hygroscopicity at 














room temperature ar>d 














90°,'o relative humidi^ 














for 56 hours 


1.18 


0.07 


0.02 


0.03 


« 
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(1) Oextrfnated L6ttd Azide (OLA) is <ilao 
known as type I lead azide. Dextrin is used as a colloid- 

ing agent which prevents the formation of targe, sensi- 
tive crystals and regulates crystal shape during rrmn- 

(2) Service Lead Azide (SLA) consists of lead 
azide crystals each containing a nucleus of lead cartx)- 
nate. This form of lead azide is used extensively in the 
IMtod Kingdom. The method of manutaduie of this 
compound is confidcntio' SLA is practically nonhygro- 
scopic and is supertor to DLA in functioning characteris- 
ticB. Storage under water is oonsiderBd hazardous due 
to the possibility of growth of the crystals and formation 
of agglomerates which detonate spontaneously. Other 
long term storage tests dispute this result. 

(3) ColloidalljaadAzide(CLA)i8alaolffio«wias 
type 11 lead azide. CLA is nondextrinated lead azide of 

very small particle size. The size of the particles is in the 
range of three to four microns. CLA is not suited for uses 
requiring good flow charaderislics, but, because of the 
very fine particle size, is ideal as a spot charge and a 
priming charge in low ene^y, electric initiators. CLA 
successfully replaced the milled DLA fomwrly used for 
this purpose, thus eliminating the miiing operation 
which was always considered dangerous, even under 
carefully controlled conditions. In preparing a spot 
Charge for a low ertergy. elacirie delOMlor, diy CLA is 

mixed with a concent-'ated so!utioi of nitrocellulose in 
ether, alcohol, or other organic solvent, and a small 
quantity of the resisting paste is plaosd on the t)rklge* 
wire to form a droplet called a spot. For a type of deto- 
nator in which the bridgewire is located inside a cavity, 
the charge of CLA can oe made in the form oi a pellet by 
pressing wst CLA into the cavity. 

(4) Polyvinylalcohol Lead Azide (PVA-LA) con- 
sists of lead az'de cn/stals coated with polyvinylalcohol. 
PVA-LA possesses practically the same sensitivity to 
impact as OLA. but Is much mors efficient m detonators 
and is nractically nonhygroscopic The ignitabi^i*^/ i? 
about the same as for straight lead azide and (setter than 
for OLA. The normal toad azide contsnt is 93 to 96 
percent. Other substances, such as polyethylene 
glycol? and ureaformaWehyde polymer, can be used to 
produce mixtures with properties very similar to 
PVA-LA. 



(5) RO-13d9leadazideisaninssn8ilfvs1bnnof 
lead azide. The method of manufacture as waHassoms 
piCpertiAs of RO-1333 are confidential 

(6) Dextrinated Coltoida) Lead Azide (OCLA) is 
essentialty OU witi a v«y smal particle ate. Tha 
partfcie size is in itia rangaof one to two micwis. 

c. In the manufacture of DLA two stock solutions 
must be prepared. Solution A is prepared by dissolving 
about 73.9 kilograms (169 pounds) of lead nllrato in 
about 750lilarsof water treated by the pemwlitdamin- 
eratization process. Care must be taken to remove all 
grit and insoluble matter. The pH of this solution is in the 
range of 4.2 to 4.6. To neutralize this acidity 25 to 30 
grams of sodium hydroxide in dilute solution are added. 
The sodium hydroxide will neutralize the occluded acid 
andthe add formed by the hydrolysis of tha lead niivais. 
An excess of sodium nitrate must be avoided to prawsM 
the production of elongated crystals which are very sen- 
sitive. About 4.08 kilograms of potato dextrin that was 
pievkNJsiydissoh«d in about 100 Htofs Of water Is (hen 
added 3nd the solution is brought to 7.325 ^0 07 per- 
cent lead nitrate content Solution B is prepared by 
diluting a refined sdutton of 27 percent sodium azida to 
3.175 ±0.02 percent sodium azide content. Then 794 
grams of sodium hydroxkle in the form of pellets are 
added. The sodium hydroxide is added to neutralize 
most of ttta free acid formed during 9ia Intoraotton of 

solutions A and B This guanti1\' of sodium hydroxide is 
also just sufficient to control the purity of the finished 
lead azide by precipitating a small quantity of lead as 
Pb(OH)2 or Pb(OH)N3 The solution is then adjusted to 
3.175*0.025 percent sodium azide content Solution A 
is then heated to between 57.5 G and 60X with agita- 
tion and 50 lUerB of solutton B are added at the rato of 
two liters per minute The slow rate of mixing these tWO 
very dilute solutions inhibits the formation of the 
orthorhombic crystalline polymorph. AftorsohillonBhas 
been added, the temperature is lowered to QO'C or k)wer 
with continued agitation. When agitation stops tf>e lead 
azide setties out. The precipitate is caught on filter 
cloths under vacuum and washed wMh four changes of 
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watorlo ramovolheacldny. To manutaeture colloidal 

lead azide, a solution of four percent sodium azicie is 
maintained at 25''C. Then a solution of lead acetate or 
lend nitrato ia added with agitation. Tt^e lead nitrate or 
aooM0 lain slight ONCMS of thBamguntiaquinMlfayllio 



2NaHa-l-Pb(N03)»— >Pb(N3y2-»^2NaN0» 

The resulting slurry is then filtered and the precipitate 
waahMl wHh a«vei«l dianges of water and dried. 

d. The speoHleatlons tor desdiinatod lead azide, 
type I. and oeHodlol lead aside, type II, are: 





Type 


PraaMiM 


1 


R 


Color 


White to tMjff 


White (0 buff 


Form, 
dimehiion 


Free from 




maximum 


needle shaped 
crystal 




Purity. 






minimum 


91.5% 


99.0°/o 


Acidity 


l4one 


None 


Solubility in 








1.0% 


■ 


maximum 






Particle size 






geometric 






mean, 






micron 






maximum 




5 


Largest 






micron 






maxjmum 




10 



A needto Shaped ciysial is def ned as a crystal tiaving a 

lertgth to diameter rritio of 7 to 1 or greater Nccclic 
shaped cryataia are more sensitive than crystals of nor- 
nwl shape and tend to detonate tinder pressure. 
RD-1 333 lead azide must be precipitated from a solution 
of sodium carboxymethyl cellulose which is used as the 
crystal growth agent. The color shall be white to buff. 
The aggregates shall contain no wel defined iransius- 
(»nt crystals wtien examined microscopically. The par- 
ticles shall be opaque and irregular in aize and straps 
and ths powder Shan be free flowing. ra}-l333 toad 
azids must have a minimum bulk density of 1 .1 grams 
per milliliter, be 98 5 percent pure, have a pH in the 
range of 7.5 to 5, and have a maximum solubility of one 
peioant In walor. In nitric aoid. ttte Insoiubis maftsfial 
shall be no more than 0.05 percent and nor>e of the 
material shall be retained on a US standard sieve 230. in 
addition there shall be no mors than traoe qiiantHias of 
iron, ooppsr. chlorides, nitrates, and aoatales. Car* 
boxymethyl cellulose may be present in cor)centrations 
of 0.6 to 1 .20 percent. Another speciiication for special 



RO 1333. except there is no limitation for trace quan- 
tities ot iron, copper, chlorides, nitrates, and acetates. 

e. Dextrinated lead azide is less sensitive to 
impact than mercury fulminate, lead styphnate. 
diazodinitrophenol, tetracene. or crystalline lead azide. 
The small aggregates that pass through a No. 325 sieve 
are slightly less sensWve than thoaadiatpassthrough a 
No. 230 sieve and are retained on a No. 270 sieve. 
When wet with water or 95 percent ethariol, lead azide 
has the comparative sensitivity values shown by tat>le 
7-2. The Impact test rssuMs are from the Piminny 
Afsenal appaiatus wHh a two idlogram weight 
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Composition, percent 








Pendulum friclron test 










test 
inches 




Sloel shoo 


Lead 
azide 


Water 


Ethanol 


Trials 


Oelonation 


Tnais 


Detonation 


100 








• 


4 


1 


1 






80 




20 






9 


10 


0 


4 


1 


80 








20 


4 


1 


1 




• 


75 




25 






9 


10 


0 


12 


0 



"I 
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The five second explosion temperature is 31S°C to 
345°C for pure lead azide and 275*0 for dextrinated lead 
azide. These temperatures are much greater than the 
eorreeponding values for mefcuiy Mminale. lead 
styphnate, diazodinitrophenoi, and tetraceno and reflect 
the greater difficult in igniting lead azide in practical 
UM.T1W maximum sialic discharge for which no ignition 
takaa plaoa is 0.01 Joulaa. 

f. When subjected to the sand test, dextrinated 
lead azide is 95 percent as bnsant as the pure crystalline 
material and 40 percent as brisant as TNT. At maximum 
density, ttie rate of detonation is 5,400 meters per sec- 
ond The rate of detonation for samples with densities of 
3.8 and 4.6 grams per cubic centinrteter are 4,500 and 
5,900 malsrs par sseond. raspeelivaly. Sighlly Mghar 

values than ttiese have been reported. Thetemperatura 
developed on detonation is between 3,420°C and 
3.464*0 and the pressure developed on detonatfon Is 
94,930 kilograms per square canMmeiar. When lead 
azide detonates 308 milliliters of gas are evolved per 
gram of explosive with the lead produced in the gaseous 
form. Trauzl lead block tests have shown dextrinated 
lead azide to be 89 percent as p>owerful as the pure 
compound but only 80 percent as powerful as meicury 
fulminate and 40 psfcent as powaiful as TNT. 

g. Lead azida is an axcaltonl initialing agent for 

high explosives. While not superior to mercu r^' f u I m i n ata 
for detonating the less sensitive explosives such as 
TNT, lead azide is markedly superior as an InMator for 
the more sensiUva explosives such as tetryl, RDX, and 

PFTN Unlike diazodinitrophenoi. lead azide cannot ini- 
tiate the detonation of ammonium picrate or cast TI^IT. 

h. The stability of dextrinated as well as pure lead 
a^da Is axosptianal. This is indfoatadby 100*C haatand 

vacuum stability tests and also by storage tests No 
change is found with respect to purity or brisance after 
sloraga for 25 monttis at 50^ or under a watar-alhanol 
mixture at ordinary temperature. Storage at 80°C for 15 
monttis caused no decrease in brisance and, after such 
storage, a priming composition containing lead azide 
showed no decrease in sensitivity to stab action. Tha 
beta form is considerably less stable than the alpha form 
and undergoes decomposition much more rapidly. Low 
X*ray dosages causa lead azida crystals to dacrapltata 
with heat and Increase in hardness. Higher X-ray dos- 
age produces severe damage. Ninety-eight percent de- 
struction of an SLA sample was observed after an X-ray 
dose of 3 5 ^ 10" rdntgen. Lead azide corrodes copper 
with the formation of cupric azide Cuphc azide is highly 
sensitive, so tools of brass, bronze, or copper cannot be 
used vtrith lead azida. Figure 7-2 sliows tha DTA cunw 
for lead azida. 



a. Mercury fulminate, Hq(ONC)2, Is a salt of tul- 
minic or paracyanic acid. The acid undergoes polymeri- 
zation very rapidly in tioth aqueous and etherstf solu- 
ttons, and so cannot be isolated. The structure of fuh 
minic acid and rhu5 the salts of this acid, is undeter- 
mined. Mercury fulminate has an oxygen balance to 
C0» of-17 pamant, an oxyganbatanca to CO of 
-55 pe-'cent, 3 nitrogen content of 9 85 percent, and a 
n>oiecular weight of 284.65. When mercury fulminate is 
crystallized from water, a hydrate, Hg(0NrC).1 /2H2O. is 
formed that has a nitrogen content of 9 .55 percent and a 
molecular weight of 293.64. The anhydrous form, which 
is crystallized from alcohol, is white when pure but nor- 
mal manufaeturinoyialda agray productof only 96 to99 
percent purity The crystals formed are octahedral but 
are usually truncated. Only the smaller crystals are fully 
developed. Tha crystal density is 4.43 grams per cubic 
centimeter. Table 7-3 shows the density of maicury 
fulmlnato as a function of toading prassura. 



Tabto 7-3. Loadhg Density of Mercury Futmbwte 



Pmmntn 


Pftssun) in pounds 
fwraquminclt 


Otnaily In gram* par 


20,685 


3.000 


3.0 


68^ 


10.000 


3,6 


137.900 


20.000 


4.0 


344,750 


50.000 


4.3 



Pressures of more than 1 72,375 to 206,850 kilopascais 
(25.000 to 30,000 pounds per square inch) cause mer- 
cury fulminate to be desensitized to the extent of 
baooming dead prasaad. Such rnaleriai maraiy ignilaa 
and bums when subjected to contact with flame, Tha 
dead pressed matehal can be detonated by a strong 
blasting cap. If a layer of loosa or only slightly pressad 
mercury fulminate covers the dead pressed material, 
the ensemble can be detonated by ignitfon When the 
dead pressed material is detonated, the velocity of det- 
onation is graatar than for material that haa not baan 
dead pressed. Mercun/ fulnninate has a melting point of 
160*C, but explodes at that temperature. The solubility 
in one Hterof water ls0.7l grams at 12%. 1 .74 grams at 
49*'C. and 7.7 grams at 100°C. The solubility in ethanol 
is slight. Because of these slight solubilities, mercury 
fulminate can be stored underwater or. if there is danger 
of freezing, under a mixture of equal volumas of water 
and ethanol or methanol M'er such storage the com- 
pound can t>e dned easily. Aqueous ammonium 
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Rffitn 7-2. DTA CU/V9 tor iead azitie. 
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hydroxide, aqueous potassium cyanide, and pyridine 
dissolve mercury fulminate. The compound can be 
recovered by treating the ammonium or potassium 
solution with acid and the pyridine solution «vitf) water. 
Tlte heat of formation is 221 to 226 calories per gram 
heat of combustion is 938 calories per gram, and the 
he«t of eKplo^n is 427 calories per gram. Meroufy 
lUminate was used extensively as an initiator, however, 
poor stability has prompted replacement of tliis com' 
pound by such initiators as lead azide. 

b. Mencuty ftilmlnate reads with ooncsnlrated 

hydrochloric acid to produce hydroxylamir>e, H2N,0H. 
and formic acid, HCOOH. The reaction with sodium 
thiosulfate in aqueous solution forms mercury tet- 
laHtianats acooidlng to the e(|ualion: 

Hg{0NC)2 + 2Na2 S2O3 + HzO 

HgS«0« + 2NaOH + NaCN +NaNCO 

If allowed to stand, a secondary reaction occurs with the 
fonnation of sulfate and thiocyanate according to the 
•CMklion: 

HgS406 +2NaOH + NaCN + NaNCO — - 

HgS04 -i-NasSO* + 2NeNCS -t-HsO 

The first reaction can be used for the determination of 
tfie purity of mercury fulminate. Even in tf>e presence of 
0^ percent moisture, pun mercury fulmlnals does not 
react with any of the common meta's However the 
Standard grade of the compound may contain as much 
as one percent ftee mercury, formed t)y SNposure lo 

tight or eleva'ed lemperature'^ The free mercury readily 
forms amalgams with copper, brass, or brorue, so com- 
ponents containing ttiese metals must be protectively 
ooaM if used writti merouiy fulminalB. 

c. Mercury fulminate is manufactured in relatively 
small quantities About one pound of redistilled mercury 
is added to an open, earthenware vessel or five liter 
flaakthat contains eight to ten pounds of nitric acid with a 
specific gravity of 1 .4. The nitric acid isinexoessof ttw 
amount required by the equation: 

3Hg + 8HNQ1 3Hg(N0s)2 + 2N0 'I-4H2O 

A large number of such charges are usually prepared 
and allowed to stand overnight until the mercury is com- 
pletely dissolved The charges are then poured into a 
large balloon f lasK which contains eight to ten pounds of 
96 peicsnt elhanol. Hie ftask rests in a balh of running, 
cold water. This installation has to be either outside or in 
a tHJilding provided with an exhaust system. The flask is 
fitted with a reflux condenser. About two to three mirv 



utes after the acidic solution of mercury nitrate is added 

to the ethanol, a violent reaction statls and the liquid 
boils with the evolutKxi of white iumes. Most of these 
fUmes are recovered by tti0 condenser. As ttie reaction 
approaches ttne end point, the fumes change color to 
brownish-red because of the decomposition of nitric 
acid by heat. A small quantity of dilute alcohol is added 
at this point to modaials the reaction and prevent the 
decomf>osition of tf>e mercury fulminate by the heat of 
reaction. The reaction rwrmally taites about an hour and 
a Itatf . The reaction mix Is tlien allowed to cool to room 
temperature, at whicti time all ttie rnorcury fulminate has 
settled out. The mercury fulminate crystals are then 
caught on a screen and washed with cold water until f ree 
of acid and five impurities known as fulmir>ate mud. The 
washed mercury' fulminate is then drained and packed 
into doth bags which are stored m tanks of water until 
required for use. The acid mother liquor and the water 

washings are neulralizeri with alkali, evaporated to 
recover the alcohol, and treated to recover any mercury 
or mercury salts. The yield of the process is 120 to 130 
parts par 100 parts of maicury. 

d. In the manufacturing process ethyl nitrate 
(CzHs.ONOs). ethyl nitrite (CsHs.ONO), and niUoethane 
(C2HsN02) also are produced. The intemiediate pro- 
ducts of oxUaMort and nitration involved in the prapara- 
tion of mafcuiy fuiminata ara as folaws: 

CHa.CHzOH — CH3.CHO— » 
Elhanol AcataUahyde 

CH2(N0).CHC — CH(:NOH).CHO — 
Nitrosoace- Isonitrosoaoe- 
taldehyde taldehyde 

CH(:NOH).COOH — 
Isonltrosoaoetic add 

C(N02)(:NOH).CO0H — 

02H.CH:N0H — ► C;NOH — - Hg(0NC)2 
Foimoni- Fubninic Mercury 

troic add add fulminate 

The product so obtained is not n>o«e than 99 percent 

pure. The material can be purified so as to have a 
fulminate content of 99 75 percent or more t>y dissolving 
the impure matenai in concentrated ammonium 
hydnmida, ffileiing the aohition, cooing the fiNrate, and 
reprecipitating slowly adding concentrated nitnc add 
with rapid agitation while keeping the temperature 
below 3S*C. Condilone can ba aattfMahad 80 that the 
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predjpitated fulmlnaM it of essentially the same grami* 

lation as tho impure material. The precipitated pure 
fulminate is washed witti distilled water until tree of acid. 
The yield is 80 to 07 pefcent 

«. litefoufy fulminaie tor mRNary um coralsis of 

The requirements applying an: 

Crystals of sparkling appearance 
that are white, gray , or light gray with 
a yeflowish tint 

Gfanuleiian: Amaidmumof iSpercsntralained 

on a No. 1 00 and a maximum of 75 
percent passing through a No. 200 



SandlMt: 



Mercury 

fulminate: 



0.400 gram shall ctuah a minimum 
of 44 grams of sand. 

M I n I m Lj in, 98.0 percent. 
None. 



Acidity: 
Insoluble 

nnatlar Maximum, 2.0 pereent. 

Fmea marcury: Itaximum, 1.0 peroent 

Chiorina: Maximum, 0.05 paioant. 

The chlorine content requirement is due to the occa- 
sional use of a smaN quanlHy of oupricehlorlda, CuCb. 
for the purpose of improving the color of the product 
The chloride is added to the sokition of marcury in nitric 
add. WiiHa iMs improves itia color, tlwro is also a 
decrease in the purity of tf>e product. The ir>8oluble 
matter represents decomposition producta» which ana 
formed as the result of side reactions. 

f. The impact ssnsitiviiy on the Bureau of Mines 
apparatus with a 20 milligram sample is five millimeters 
and on the Picatinny Arsenal apparatus with a nonstan- 
dard 2.2 kilogram weight is four irtches. This indicates 
mareuiy lulminata is more sensitive to impactthan iaad 
a2ide and lead styphnate. Being of the same sensitivity 
to impact as diazodinitrophenol and tetracene. these 
three compounds are the most sensitive initiating explo- 
SiVttS used in military ammunition. Mercury fulminate is 
more sensitive to friction than lead azide and lead 
styphnate, exploding with both the steel and fiber shoe. 
The live second expiosion tomperalure is 210*0 whteh 
■ndicates mercury fulminate is more sensitive lo heat 
than lead azide or lead styphnate, but less sensitive 
than diazodinitrophenol and tetraoane. Thaaansllivily of 



marcury fUminato to paicussion is one of the oom- 

pound s most advantageous characteristics Mercury 
fulminate is highly sensitive to electric spark. A sparti 
from a person charged to less than 5,000 volts causss 
ignition. This condition is possible in plant operations. 
The sensitfvity to electrostatic discharge is rsported to 
be 0.025 to 0.07 joules. 

g. The sand test indicates mercury fulminate is 
27.3 to 59 percent as brisant as TNT. The rato of dato> 
nation of a charge with a density of 2 0, 3.0, and 4.0 
grams per cubic centimeter is 3.500, 4,200. and 5.OO0 
meters per seeofKl. When ignited, a singto oiyslai %Mi 
burn rap dly with a flash but detonation does not take 
place. When a layer of crystals is ignited, high order 
detonation talws piece. The Trauzl test indices a 
power of 37 to 80 percent of TNT. Mercury fulmlnala is 
distinctly more powerful than lead azide 

h. Although mercury fulminate IS not as efficient an 
initiator of dafonatton as lead azide and dIazodMlro- 
pherK>l, satisfactory results are obtained wt>en used in 
conjunction with tetr/l, RDX, or PFTNI the most gener- 
ally used booster explosives. The number of grams of 
mercury fulminate required for complete detonation of 
TNT is 0 25 to 0.36, for tetryl is 0 30 to 0 29. for RDX is 
0.19. for PETN is 0 17, and for explosive D is 0.85. 

i. Mercury fulminate is no longer used by ttie 
United Slates mifiary because of poor stabUty. The 

usual stabiiitv' tests are not applicable to mercury fulmi- 
nate, due to explosion in a relativeiy short time at tem- 
peratures above 85*C. The pioduels of dalsrioraten are 
nonaxplosive solids rather than gases. When the pur^ 
of mercury fulminate is reduced to about 92 percent, the 
initiating efficiency is destroyed although the matenai 
wli OMptoda ignited. Whan purity has baan 
reduced to 95 percent, tf>e stability of mercury fulminate 
must be considered seriously impaired. Table 7-4 gives 
asummaryof the approximate Hmasof storage recHiimd 
to cauae detarioration to 92 percent and 95 percent. 
Mercury fulminate gains 0 02 percent when exposed to 
90 percent relative humidity at SO^C. When dry, mercury 
fulminate reacte rapidly wilh aluminum and magnaaium 
arxf reacts slowly with copper, zinc, brass, and bronze 
When wet. mercury fulminate reacts immediately with 
aluminum and ma g nes i um and rapidly with copper, 
zinc, brass, or bronze. Dry or wet. the compound i 
not etfea iron or steel. 
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Table 7-4. Deterioration of Mercury Fulminate 



twnperaturs 

•c 


Time i«qMii«d to rsduoe purity lo 


95 percent 


92 percent 


Days 


Monm 


Y«ai* 


Oayt 


MonlhB 


Vmib 


80 


0.5 






1 






50 




6 






11 


• 


30-35 






1.7 


* 




5.8 


20 




* 


7 


• 




9 


10 


• 


* 


8 






10 



7'4. Diazodinltroph«nol (DDNF). 

a. This explosrve Is also known as 
4,5-dinitrobenzene-2-djazo-1 -oxide, dinol. diazol and 
may to rvferrsd to as DADNP. The oompoumJ (flgura 
7-3) is a greenish yellow to brown solid with tabular 
crystals. ODNP has a crystal density of 1 .63 to 1 .65 
grams per cubic centimeter at 25^ and a moleciiiar 
weight of 210.108. DDNP is not dead pressed evenata 
pressure of 896,350 kilopascals (130.000 pounds per 
square inch). The solubility of DDNP in various solvents 
is shown in table 7*5. 



TaMe 7-5. Stability of Olta20dKriAt)pfwxJl 





SoluMtty, gram* par 100 grams 






Water 


0.00 




Benzene 


0.09 


0.23 


Methanol 


0.57 


1 25 


Ethanol 


0.84 


2,43 


ether 


0.04 


• 


Chlorotom 




0.11 


Ethylene chloride 


0.29 




Afiedcadd 


1.40 




Ethyl acetate 




2.45 


Acetone 


6.0 





DDNP is also soluble to some extent in nitroglvcerln, 
nitrobenzene, aniline, pyridine, and concentrated 
hydrochloric acid. DDNP is nearly Insoluble in carbon 
tetrachloride arKl cartx>n disulfide. The heat of formatk>n 
IS 956 calories per gram and the heat of explosion is 8?0 
calories per gram. DONP is used as an ingredient in 
priming compositions and in commercial blasting caps. 



O — H 




NO} 



HgufB 7-3. StntctunJ hrmOa for DDNP. 



b. At ordinary temperatures DDNP does not react 
with water, but the mixture of the two is less sensitive 
than DDNP alone. DDNP is darkened rapidly by expo- 
sure to sunlight, probably t>ecause of oxidation at the 
surface. 

c. The process used oommerciaiiy for the men- 

ufacture of DDNP is not available, but the compound 
can be prepared by the diazotization of picramic acid by 
means of sodium nitrite and hydrochloric acid. The 
reactions involved are shown in figure 7-4. Picramic acid 
may be prepared by evaporating a mixture of an alco- 
holic solution of ammonium picrate and ammonium sul- 
fide and purifying the preduct. Ten grams of picramic 
acid are suspended in 120 milliliters of a five percent 
aqueous solution of hydrochloric acid. The mixture is 
cooled with an ice bath and stirred rapidly. A solution of 

3.6 grams of sodium nitrite in 10 milliliters of waier is 
added all at once and stirring is continued lor 20 min- 
utes. The dark brown, granular material that separates 
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is caught on a filter and washed with ice water until the 
washings give no indication of hydrodilofic acid or 

sodium chloride. If this material is dissolved in ho! 
acetone and a large volume of ice water added to the 
agitated solution, the DDNP is precipitated as a bright 
yeMow. amorplwus powder. Recryslailization from a 
solvent is tised to produce the tabL'li'-rp.'.^fais that com- 
prise specification grade matenal. Alter manufacture, 
the DDNP is leapt wet whli water until used. 

d. Only one grade of DDNP la used for milftaiv 
purposes. This complies wftit Itie following require* 

ments: 

Color: Greenish yellow to bnmn. 

Form: Tabufar crystals having a maximum 

length of 0 2 nmiiimoter 

Granutation: 100 percent shall pass through a 
No. 100 US standard sieve. 

BuXk density: li/lirrimum, 0.4 grams per milUliter. 

AcidHy: Maximum. 0.01 percent as 

hydrochloric acid. 

Sand test: o 40 gram Shan crush not less than 
33 grams of sand. 

e. DDNP is less sensitive to impact than lead azide 

or mercury fulminate The friction sensitivity is approxi- 
mately the same as lead azide but less than mercury 

NBi«>a+Ha ■ 



OH 



OaN 



NHs 



fHONO 




fulminate. The five second explosion temperature is 
195"C. A mixture of DDNP and water is deMnsHizedto 

the extent that a numt)er eight blasting cap cannot 
cause detonation. DDNP detonates when struck with a 
sharp blow. An unconfined sample Ixims with a flash if 
igniled but even the slightest confinement causes a 
transition from burning to detonation A charge of DDNP 
undergoes detonation when ignited it pressed into a 
blasting cap shell with a reinforcing cap and a piece of 
black powder safety fuse crimped in the shell A sparV 
falling into the open end of such a blasting cap causes 
only ignition and flashing of the DDNP. The maximum 
energy of a static disctiarge that does not cause ignition 
is 0.25 joules 

f. The sand test indicates DONP is 94 to 105 per- 
cent as bnsant as TNT. DDNP is considerably more 
brisant than mercury fulminate, lead azide, lead 
styphnate, anrt t<:.f'r).'onG ^ densrty of 1 58 grams p«' 
cubic centimeter DDNP and TNT have the same vekx- 
tly of detonation, 6,900 meters per second. At densitiss 
of 0.9 and 1 .63 grams per cubic centimeter the detona- 
tion velocities are 4,100 and 7,100 meters per second, 
respectively. The Trauzl test and ballistic mortar test 
indicate that DDNP is 1 10 percent and 96 percent as 
powerful as TNT. respective! / The gas volume ppo- 
duced on detonation is 856 [iters per kilograms. 



Naa-^HNOz 



O — N 



2H20 + 




NO3 



Figure 7-4. Preparation ot DDNP. 
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g. The sand tMtindteatesDDNP is a better initiator 

of detonation than mercup,' fulminate or lead azide for 
less sensitive high explosives. The most marked evi- 
dence of Ihls isllwaMily of DDNPtoinitiatothedatanB- 



lion of enMionium pieeie and eaaH TMT. For iniOetlon of 

tho more sensitive high explosives, DDNP is not 
superior to lead azide. Comparative values showing 
lelalive inHiating effidendes are given in table 7-6. 



Tat>le 7-6. Efficiency ot Inttiating Compounds 





Mlnimuin delonaling charge, gram ol MHMor 
raquirsd to detonate 


Tenyl 


TNT 


Ammonium pioale 


Lead azide 
Meiouiy fulminale 
Diazodinibophenol 


0.10 
0.19 
0.12 


0.26 
0.24 
0.15 


No detonation 
No detonation 
0.28 



h. In the vacuum stability test at 1 00°C. 7.6 cubic 
centimeters of gas are evolved fmm a five gram sample 

in 40 hou rs In the 1 0OX heat test. 2.10 percent is lost in 
the 'irst 48 hours, 2 20 percent in the second 48 hours, 
and no expiostons occur in 100 hours. These results 
indicaie DDNP is not as stabile as lead azide, but is 
markedly more stab'^r^ than rnercury fulminate. Storage 
tests have shown dry DDNP to withstand storage at 
SHyC for at least 90 monltis, as compared wHfi nine 
months for mercury fulminate. When stored under 
water, DDNP is of unimpaired brisance for 24 months at 
ordinary temperature and for 12 months at 50°C. The 
etabity of DDNP. therefore, Is considered salistaelory 

for conrrprca' and rrili^ar/ use, and DDNP and lead 
azide have replaced mercury fulminate in blasting caps 
to a large extent DDNP is t^ioscoplc to the extent of 
0.04 percent in an almospfiere of 90 percent relative 
humidity at 30^. 

7-5. Lead Styphnate. 

a. Two forms ot lead styphnate are used as pn- 
mary explosives: basic (f^urs 7-5) and nomnal 
(figure 7-6) Basic lead styphnate has a nitrogen content 
of six percent and a molecular weight of 705.53. The 
compound has two crystal forms: yellow needles with a 
density of 3.878 grams per cubic cenlimetor and red 
prisms with a density of 4.059 grams per cubic cen- 
timeter. The apparent density is 1.4 to 1.6 grams per 
cubte oentimeler. Nomtal lead styphnate has a nitrogen 
content of nine percent and the monofiydrato has a 



n>olecuiar weight of 466.36. The compound has yellow 
orange or reddish brown, rtiombic, needle Hke crystals 

wi!^ a density of 3.02 grams per cubic centimeter at 
3 0 C The anhydrous salt has a density of 2.9 grams per 
cubic centimeter. Both forms oi lead styphnate are solu- 
ble In aqueous ammonium acetate. Basic lead 
s^y'phnate is practically insolub'e t water; ncrnal lead 
styphnate is only soluble to the extent of 0.04 percent at 
room t e mper at ure. Nomnal lead styphnate is even less 
soluble in methanol and ethanol than in water. Botti 
forms of lead styphnate are insoluble in ether, 
chiorotorm. caitx>n tetrachloride, cartx>n disulfide, ben- 
zene, toluene, co no e mr ated hydrochloric add, and gla- 
cial acetic acid Nnrmaf lead styphnate has a heat of 
formation of 92.3 caiones per gram, a heat of combus- 
ticn of 1 ,251 calories per gram, and a heal of detonation 
of 460 calories per gram. Both forms of lead styphnate 
are used as ingredients in prim'og compositions. When 
used alone, despite a favorable rate ut aetonation and 
good power cheracteristics. lead styphnate is a reia' 

tively poor initiator of dptonatior Detonation of 6C per- 
cent dynamite and sometimes gelatin dynamite is pos- 
sMe. However, of the military high explosives, only 
unpressed PETN can be detonated. The minimum det- 
onating charge for unpressed PETN is 0.55 gram, as 
compared to 0.30 gram of mercury fulminate or 0.40 
gram of lead azide. Tlie eese of Ignition of the com- 
pound has led r«ot only to use in oriming compositions, 
but also use as a cover charge for ignitkig lead azide. 
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O.Pb.OH 



NOt 



O.Pb.OH 



NO2 



F^f/e 7'5. Basic lead styphnat». 



O7N 




Pb.HiO 



NOa 



F/jffuw 7-6. Albrma/ had stypAnato. 

b. Lead styphnate ran be prepareri by the reaction 
of lead nitrate or acetate with either sodium or mag- 
nesium styphnato In the presence of an add. In 00m- 
mercial production, the magnesium salt is used This is 
prepared by the reaction of magnesium oxide and 
styphnic acid (2,4,6-trinitroresorcirK>l). In one proce- 
dure, a boiling sokiHon of toad nftiato is added to a 
boiling solution of sodiun styphnate acidified with acetic 
acid. In another procedure, solutions of magnesium 
styplinaia and lead acetate are caused to react at KfC 
to form a precipitate of basic lead styphnate, which is 
converted into the normal salt by the addition of dilute 



nitric acid. The kiaoluMa product is filtered off and 
washed with water until free of acid Like other initial 
detonating compounds, lead styphnate is kept under 
water or under a water-isopropyi ahsohol mixture unli 



c Formilitan/usebastcleadstyphnalamuatOIXn* 
ply with the follow^g requirements: 



The material shall be free from visi- 
ble impurities and aggregates of 
crystals. Type I shall be yellow to 
ocange yelow in color. IVpe II ahal 
be yeUow brown to brown in ootar. 

Type I materal shall consist of dis- 
crete crystals in the form of needles, 
lypa II malarial ^1 oonaiat of 



Crystal forni: 



Crystal 
dimensions: 



Granulation: 



Apparent 
density: 



Acidity: 



Material 
insoluble 
in ammonium 



Material soluble 

in efher: 

Lead content: 



lr)stantaneous 
flash point: 



95 percent of the type I crystals 1 
have a maximum dimension 
between 7 and 20 microns. The 
length of the crystal shall not be 
greater than five times the width of 
the crystal. 95 percent of the type II 



7 and 35 microns. 

1 00 percent of the type 1 and II nnate- 
rial shall pass through a US stand- 
ard numt>ef 325 sieve. 

The apparent density of the type I 

material shall be 0.3 to 0.5 grams 
per milliliter and for the type II mate- 
rial, 1 .40 to 1 .60 grams per milliliter. 

The pH shall be 5.0 to 6.0 in a one 
paroent solution for the type I mala- 
rial. 64)to 7.0 torihe type II material. 

0.2 percent, maximum, for both 
type I and II matenal. 



0.1 percent, maximum, tortMvUl 
type I and II material 

59.6 to 60.2 percent for both type i 
II 



5.97 to 6.17 percent for both type I 
and II rtiaiarial. 

330^0 to 35(rc for both type I and li 
material. 
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d For rralitary use normal lead stypirnata mu^ 
ooinpiy wnn to mnwwig raquifinMnni 



Appearance: 



Crystal form: 



Crystal 
dimension; 

Granulation: 



Apparent 
density: 

Aci<»ty: 



insoluble 

in ammonium 
acetate 

Material soluble 
• In 



Instanianeous 
flash point: 



The matenal shall be tree from visi- 
ble impurities and aggragates of 

crysrals and be yellow browm to 

brown in color. 

The material shall consist at the dis- 
crete crystals of the monocHnic 
system and the longest dimension 
of any cry stal shall not be greater 
than three times the next longest 



The largest dimension of any crystal 

shall not exceed 0.5 miltlmeter. 

too percent of the matenal shall 
pass through a US standard numbar 
100 1 



1 30 to i.eo grams per cubic can- 

timefer 

The pH shall be beWveen 5.0 and 6.0 
a one paioani anuiion. 

0.3 paroant» maximum 



0.1 percent, maximum 

43.2 to 44.3 paicant 
6J7lo9.07pafcant 
310^10 330^; 



e. Normal lead styphnata is sNghlly less ssraWva 

to impact than mercury fulminate or diazodinitrophenol, 
but is more sensitive than lead azide. The friction sen- 
sitivHy is less than that for mercury fulminate or lead 



azide. The five second explosion temperature is 282°C, 
less than that for lead azide but much greater than those 
of mercur\' fulminate and diazodinttrophenol. Normal 
lead styphnate is much more easily ignited by flame or 
alaelric spark than marouty futmlnala. lead azida, and 
dtazodinitrophenol. The sensitivity to electrostatic static 
discharge is 0 001 joules When ignited the rate of 
detonation is less than the maximum rate. The caicu- 
iatsd ad^^ation ensfgy for the decomposition of lead 
Styphrtate is 61 5 kilogram-calories per gram molecule 
as compared with a value to 25.2 kiiogram-calooes tor 
maicuiy fulmlnaia. 

f. Vtfhanaubjadadlothasandtastwlth ignition bya 

tAack powder fuse, the brisance of normal lead 
styphnate (10.5 grams of sand cnjshed) is much less 
than that of lead azide (16.7 grams of sand cnishad). 
However, when initiated Mfith a small charge of mercury 
fulminate or lead azide the brisance (24 grams of sand 
crusf>ed) is greater than that of lead azide or mercury 
fulmlnaia. The range of brisanoa rsporlad Is fN>m 27 to 
53 percent of TNT When initiated with blasting caps, 
lead styphnate pressed to a density of 2.9 has a rate of 
datortatkm of 5,200 meters per second. whk:h is greater 
than the rate of detonation of eitt>er lalMl azkle or mer- 
cury fulminate at the same density Trauzl lead block 
tests, with large and small bk>cks, show lead styphnate 
to ba mom powwrhii than lead azida and 42 paroent as 
powsrfui as TNT. 

g Normal lead Styphnate is of a h-gh order of Sta- 
bility as indicated by vacuum stability tests at 100°C and 
120*0. In both lasts 0.4 cubic oanHmaisis of gas are 
evolved in 40 hours. The loss of 1 .5 percent in the 1 00"C 
heat test may be attributable to the removal of the water 
oi crysiallizatkKi, which is present to the extent of 3.84 
percent. Stofaga at 80*C caused no change in the 

120*0 vacuum stability test value, although the explo- 
sk>n temperature and sand test values were increased 
slightly Thasa Changes also may baattribiitabla to loss 
of the water of crystallization. The stability of lead 
styphnate is the same as lead azide and better than that 
ot mercury fulminate or diazodinitrophenoi. Figure 7-7 
Shows tha DTA curea for lead slyphnata and llgum 7-8 
shows the TGA cuive. 
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Figure 7-7. DTA curm tor iMtd styphnate. 
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Figure 7-B. TGA curve for lead styphnate. 



TtlMOWM* 

a. Totraoene ts also known as guanyldiazoguanyl 

tamoone and 4-guanyl-1-(nitro6oaminoguanylH- 

tetrazene. The compound figure 7-9) is a colotless to 
pale yellow, fluffy material with needle crystals, an oxy- 
gen tMlanos lo CQi of-67.6 peioent. an oMygsn bak 
ance to CO '3 percent, a nitrogen content of 74.4 
percent, and a molecular weight of 168.15. Tetracwie 
fbnna a hydiala wNh three molecules of water. The 
melting pointof ttM pure compound is t)etween 140^0 
and 160"C accompanied by decor^position and explo- 
sion. The apparent density is only 0.45 grams per cubic 
oentlmetsf . When oompressed at 20.685 MtofMseals 
(3,000 pounds per square inch), the density is 1.05 
grams per cubic centimeter. The crystal density is 1.7 
grams per cubic centimeter. The compound can be 
easily dead pressed. Tetracene is practically insolut)le 
in water and ethanol and socan be stored wet with water 
or a mixture of water and ethanol. The compound is also 
insoluble in oltier, lienzene, acetone, carbon tet* 
rachlorirjr and ethylene dichloride. Tetracene is soluble 
in dilute nitric acid or strong hydrochloric acid. In a 
solution with hydrochloric ackl, the hydrochloride is pie- 
dpnated by the addition of ether. Tetracene may then bo 
recovered by treatment with sodium acetate or ammo- 
nium hydroxide. The heat of formation is 270 calories 



per gram and the heat of detonation 658 calories per 
gram. Tetracer^e can be used in detonators when ini- 
tiated by another primary explosive. In such oaaos, the 
tetracene functions as an intermednle booslsr or as a 
sensitizer to flame or heat in some cases, tetracene is 
used in primers wttere as little as two percent tetracene 
in the composition results in unifonnl^ of peicussion 



I! 



H 



H 



H 



Figure 7-9. Structural formula for tetracerye. 



b. BoiHng weter decomposes tetracene Kberaling 

two rTx>lecules of nitrogen per molecule of tetracene. 
Hydrolysis with sodium hydroxide yields ammonia, 
^anamide. ar>d trIazonHrosoaminoguanidine 
(NaC(:NH).NH.NH.NO). Tetracene reacts with an 
excess of silver nitrate to form the double salt 
C2H7N10OA9.AgNO3.3H2O and forms explosive salts 
such as the perchlOFate. 

c. To prepare tetracene, 34 grams of amino- 
guaridine carbonate are dissolved, with warming, in a 
mixture of 2.5 liters of water and 15.7 grams of glacial 
acetic add. After the solution has been flilered and 
cooled to 30'C, 27,6 grams of solid sodium nitnte ;re 
added. The sodium nitrite Is dissolved by stirring. After 
standir>g for three or four hours, the solution is shaken to 
start precipitation and the mixture is allowed to stand for 
about 20 hours longer The precipitate of tetracene is 
separated and washed with water until free from acid. 
An aHemato method is to dissolve five grams of 
aminoguanidine dinitrate in 30 milliliters of distilled 
water, cooling to 0°C, and mixing with a solution of 2.5 
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grams of sodium nitrite in 15 milliliters of water. While 
maintaining the temperature at lO^C, 0.5 grams of gla- 
cial acetic acid Is added to pradpitate the totracene. 
After allowing the slurry to stand, a* icnst overnight, the 
precipitate is washed by decantation with several por- 
tions of water and then transferred to a filter to be 
wasfied more thoroughly with water using suction. Then 
the product is air dried at room temperature. Another 
method for the preparation of tetracene uses 
aminoguanidine aulfata and sodium nitrite in distilled 
water. 

d Tetracene must meet the foUowing require- 
ments for military use: 



Color and 
appearance: 



Tetracene shall be white to light 
yellow and under the microscope 
shall appear as needle shaped 
crystals. 

130±2*C. 



Matting and 

explosion point: 

Granulation: 1 00 percent shall pass through a US 
number 45 standard sieve. 

Specific gravity: 1.65±0.05. 

heavy metals: There shall be no heavy metals 



Nitrogen content: 74.5±1 percent. 

e. Tetracene is of the same order of sensitivity as 
mercury fulminate ar>d diazodinitrophenol. Using the 

Bureau of Mines apparatus with a two kilogram weight, 
the result obtained is seven centimeters as compared to 
five centimelBrs for mercury fulminate. Using the 
Picatinny Arsenal apparatus with a 226.8 gram (eight 
ounce J weight, the result obtained is eight inches, as 
compared to nine to ten inches for mercury fulminate. 
The five second explosion temperature (1 60°C) is rela- 
tively low as compared with the other initial detonating 
agents. This ease of ignition along with a relatively high 
heat of explosion and large gas volume produced 
makes tetracene useful in priming compositions and 
with lead azide in explosive hvets. When exposed to 
contact with a flame, tetracene undergoes mild expio* 
sion with the production of fliuoh Uack smoke. The 
mtn mum detonating cliarge of mercury fulminate is 
0.40 grams. 

f. In the sand test, loose tetracene coishes 13.1 
grams of sand, but wtien toaded under a pressure of 
P0.685 kiiopascals (3,000 pounds per square inch), only 
two grams of sand are crushed. However, tetracene 
pressed at 20,685 Idlopascals crushes 21.1 grams of 
sand when initiated with mercury fulminate. This 



maximum brisance is equal to that of mercury fulminate 
The range of brisance values reported are 40 percent to 
70 percent of TNT. The volume of gas developed on 

explosion is 1,190 cubic centimeters per gram The 
Trauzl test indicates tetracene has a power of 51 to 63 
percent of Tl^. 

g. Unpressed tetracene. when ignited by a flams, 

can cause the detonation of loose or pressed PETN, btit 
pressed tetracene does not detonate PETN. Unpressed 
tetracene can cause low order detonation of tetryl. The 
unpressed material, however, cannot detonate TNT 
even when primed with mercury fulminate Tetracene, 
therefore, does not have sufficient initiating efficiency to 
be used with military high explosives. 

h. Tetracene Is relatively stable at temperatures 

not greater than 75'C However, in the 100'C heat test, 
extreme decomposition occurs m the first 48 hours. The 
reactivity with water and the slightly high 75*C interna- 
tional test value (0 .5 percent) indicate an order of stabil- 
ity approximating that of nrvercury fulminate. Tetracene 
gains only 0.77 percent in an atmosphere with 90 per- 
cent relative humidtty at 30*0. 

7-7. Potassium Dmitrobenzofuroxane (KDNBF). 

a. KDNBF (figure 7-10) is a red crystalline solia 
wHh a nitrogen content of 21.21 percent and nwlecular 
weight of 264.20. The oxygen balance of the compound 
to CO2. HsO, and KaO is -42.4 percent. The anhydrous 
salt has a density of 2.21 grams per cubic centtnteter 
and a melting point, with explosive decomposition, of 
210''C KDNBF is soluble to the extent of 0 245 grams 
per 100 grams of water at 30^C. Between the tempera- 
lures of - SOC to 50^ the spedlte heat is 0.21 7 calories 
per gram per degree centigrade. KDNBF is used in 
primary compositions. 

b Using a 45 kilogram (one pound) weight in the 
Picatinny Arsenal impact apparatus, the drop height is 
only six Inches, m the pendulum firictlon test. lO^NBF 
explodes with both the steel and fiber shoes The 
minimum char^ge required for initiation is 0.30 grams of 
mercury fulminate or 0.10 grams of lead azide. The 
sensitivity of KDNBF is l}etween that of mercury fulmi* 
nate and lead azide 

c. In the sand test, 44.8 grams of sand are 
crushed, which indicates a brisance of 93 percent of 
TNT. The volume of gm developed on exploeion is 604 

cubic centimeters per gram 

d. In the 1 0O^C heat test, the weight loss in the first 
48 hours is 0.03 percent and in the second 48 liours 0 05 
percent with no explosions in 1 00 hours. At30*C and 90 
percent relative humidity KDNBF is hygrosoopic to the 
extent of 0.27 percent. 
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Figure 7-10. Structural formula for KDNBF. 



e. The specifications for KDNBF are: 



Color: 

Bulk density: 
Forms: 



Granulation; 



Vacuum 
stability: 

Nitrogen content: 

Differential 
thermal 
analysis: 

Nudear 
magnetic 
resonance: 



Light orange to dark red. 

0 2 grams per milliliter, minimum. 

KDNBF shall be in the form of 
plaie^ke oystals. In adcHtlont ttie 
dried KDNBF powder shall be easily 

dispersible. 

Through a No. 50 US standard 
sieve, 98 percent minimum. 

Retained on a No. 100 US standard 

sieve. 4 percent maximum. 

Retained on a No 200 US standard 
sieve. 10 to 75 percent. 

Retained on a No. 270 US standard 
sieve, 8S.0 to 100 percent 

Not more than 1 0 milliliters of gas 
Shalt be evolved at 120° :r0.5°C in 40 
hours. 

19.75 percent ±0.20 percent. 

The DTA graph of the tested KDNBF 
sample shall show only one major 
exotherm and that exothsrm shall 
occur between 210'C and 225'C. 

The NMR spectra of the tested 
KDNBF sample shall have five dis- 
tinct peaks one each at 5 77, 5 93, 
6.1 3, 6.27, and 8.63 ppm. The aver- 
age amplitude of the peaks at 5.93 
and 6.13 ppm shall be gieater than 



thirty percent of the peak at 8 63 
ppm. In addition, there shall be no 
peak at 9.22 ppm greatei' than five 
peicent of the peak at fl.63 ppm. 

7-8. Lead Mononftroresorcinate (LMNR) 

a. LMNR (figure 7-11) has a nitrogen content of 
3.89 percent, an content of 12.77 percent, a lead 
content of 57.51 percent, and a molecular weight of 

360.30 The compound forms microscopic reddish 
brown crystals. LMNR has slow burning properties and 
a low oombustkm temperature. The compound is used 
in electric detonators with DLA as the spot charge to 
initiate a PETN base charge, as an upper cliarge, and as 
an ingredient tn primary compositions. 




Figure 7-11. Structural formula for LMNR. 
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b. LMNR is prepared by mononUrating recordnol 

then allowing the slurry of mononttroracorcinol to react 
with Pb{OH)2 at elevated temperatures. The LMNR is 
stored and transported under water with not less than 10 
percent denatured aloohoJ. 

c. LJMNR must meet the following requiremenlsfor 
nUitary use: 



Color and 
appearance: 

Apparent 
density: 

Acidity: 



Lead content: 

Nitro group 

content: 

Vacuum stability 
at12(rC: 



LMNR shall be light brown in color. 

0^ to 0.35 grams per mIKIHer. 

The pH shall be between 5.0 and 6.5 
for a solulion of one gram of the 
material in 150 miWIilsrB of water. 

70.5 to 72.5 percent. 

72 to 7.6 percent. 

0.4 milliliters of gas in 40 hours with 
a 2.3 gram sample, maximum. 



7-9. Primary Compositions. 

a. Primary compositions are mixtures ot primary 
eicploeives, fuels, oxidizers, and other ingrediems used 

to initiate detonation in high explosive charges or ignite 
propellants and pyrotechnics. The ingredient and the 
portions of tfte ingredients for individual priming com- 
positions are determined empirically from the use the 
composition is intended for Fuels commonty used in 
priming compositions are lead thiocynate, antimony 
sulfide, and calcium slldde. The last two also eeive to 



sensitize tfie composiHon to friction or percussion. 

Oxidizing agents include potassium chlorate and 
barium nitrate Other ingredients include primary expio- 
sives and binders. The major determinir)g tactor in 
Ingredtont setodion is tha impetus Which is to daionalt 

the priming composition. The types of impetus com' 

monly used are percussion and electrical. 

b. Percussion type primers are used exterraivety 
fbr the ignition of propelanls. In the aarty 1900*8 tNs 

type of priming compos tioi i contained mercury fulmi- 
nates. At the present tinie, however, mercury fulminate 
has been replaced by more stable compounds. Potas- 
sium chlorate was used in this type of priming composi- 
tion from about 1917 through Worlrt War H Except fc 
special applications, the use of this compound has been 
dteoontlnued because of lha corro^va action of poia»- 
sium chloride, a decomposition product of potaissium 
chlorate, on gun banrels. Potassium chlorate is still used 
in high temperature priming compositions. Table 7-7 
lets the composition of two such mixturas. The percent- 
ages listed are by weight Table 7-8 lists several oom- 
monly used percussion priming compositions. 

ral>to 7'7. Hig/r ramperature Parcusstort Prinmn 





G-11 


6-1S 


Potassium chlorate, % 


53 


53 


Antimony trisulfide, *Vo 


25 


30 


Calcium sHidde, % 


12 


17 


Temperature resistant 






explosive, ^tt 


10 


m 



7a6fe 7-B. P»eua^on Primkig Compoxdons 





FA9SS 


Composition 
FAS02 


FASSa 


Normal lead styphnate. % 


35 


36 


37 


Telraoane, % 


3.1 


12 


4 


Barium nitrate, ''•o 


31 


22 


32 


Antinx>ny sulfide, °k 


10.3 


7 


15 


Powdered zirconium, % 


10.3 


9 




Lead dioxide, % 


10.3 


9 




PETN 




5 


5 


Aluminum. % 




• 


7 


Gum arable 


• 


• 


0.2 (added) 


Autoignition temperature 


199°C 


240*0 


184»C 


Decomposition ternperature 


209°C 


262^ 


193*0 
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Table 7-B. Percussion Priming Compositions (Continued) 





FA959 


Composition 
FA982 


FA9S6 


Density in grams per 








cubic centim6t6r 


•i O -"'1 O i i-. . . 1 1- \ 

1 .o-<i.o(DUlK) 


1 .4-2.4 


1 .3-2.4 


Fuel to oxidizer raio 


0.5 to 1 


0.52 to 1 


0.69 10 1 


Qae volume pfodueed 


5>10 milliliters 


5-10 milliliters 


5-10 minimers 




per gram 


per gram 


per gram 


ciecinCBi apenc Mniinvny 


<0.061aulee 






Friction Mnaitlvity 


yee 







The output of percussion type primers indudee hot 

gases, ho' part'cles. thermal 'adiatfon, and a pressure 
pulse. In some cases the pressure pulse may be a shock 
wave. 

c. Stab detonators are used to directly initiate sec- 
ondary explosives. As the name implies, a stab deto- 
nator is initiated by penetration of a firing pin. The 
mechanical energy of the flftng pin is convwted to heat, 
which causes detonation. Rather than using one 
homogenous priming mixture as percussion type phm- 
ere do, stab detonators contain three layers of charges; 
primary, intermediate, and base. Priming compositions 
used intheprimafy charge are shown in table 7-9. The 



intermedtaite cherge Is an energetic maleflal such es 

lear) azide Or black powder. The tase charge may be 
lead azide, black powder, or a more brisant expkMive 
such as RDX or PETN. The base ohaige InMlalae the 
aecondeiy wpioeive. 

d. Electrical primers are of several types: 

f 1 ) ev pioding brktge wire 

(2) hot wire bridge 

(3) film bridge 

(4} conductive mixture 
(5) sparit gap 



TaUe 7-9. Stab DefOnaior Priming Compositions 





NOL 130 


Composition 
PA101 


NOL 60 


Lead azide, "'n 


20 






Baste lead styphnate, % 


40 


53 


60 


Tetracene,^ 


5 


5 


5 


Barium nitrate, % 


20 


22 


25 


Antimony sulfide, % 


IS 


10 


10 


Powdered aluminum, % 




10 




AutoignHion temperature 


274«C 


196*C 


210*C 


Decomposition temperature 


280*0 


215"C 


22rc 


Density in grams per cubk: 
cent! meter 


1.65 (loading) 


1.3-2.0 


1.3-2.0 


Fuel to oxidizer ratk) 


0.75 to 1 


0.91 to 1 


0.4 to 1 


Oas volume produced 


10-25 milliliters 


5-10 milliliters 


5-10 milliliters 




per gram 


per gram 


per gram 


Electrical spark sensitivity 


0X022 joules 


<0.05 Joules 


0.0022 Joules 


Friction sensitivity 


yes 


yes 


yes 


Hygroscopic 


yes 


yes 


yes 
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In fln ncphxlng bridgs wire (tatonaior, 8 lavgo cufiwit is 

passed through a wire which causes the wire to burst 
The bursting ot the wire causes a shock wave that is of 
mifflcient strength to cause detonation. WHh ihis type of 

primer no priming composition is used; the wire is 
placed directly In a charge of RDX or PETN Hot wine 
bridges and film bridges use primirvg compositions. 



linliMa7-10.ln 

the wire or film is heated by an electric current The hea' 
causes ignition of the charge which may then undergo a 
aenaQfanon lo oawnanon vansisr. ine luncnofwiQoii 
corxJuctive mixture or apatk gap primer Is readity appar- 
ent from the name. TtMsa two typas Of pfimafs affs not 
comrTK>nly used. 



Table 7-10. Electric Primurg Composittons 





Composition 


1 


II 


III 


IV 


V 


VI 


Potass'um chlorate, % 


8.5 


55 


25 


80 


66.7 


66.7 


Lead mononitroresorcinate, % 


76.5 


• 


* 


* 


m 


* 


NHrocallutasa, % 


15.0 


* 


• 


• 


• 


• 


Lead thiocynala,% 




45 










DDNP. % 






75 


20 






Charcoal. % 








15 






Nitrostarch. % 




• 


• 


5 






Titanium, % 




• 


• 


m 


33^ 




Aluminum, % 




• 


• 


m 


• 


33.3 


AutoignNion temperature 


244«C 


203*C 


398%; 


308^ 


475^ 


448X 


Decomposition temperature 


29rc 


240*0 


4S1*C 


442*C 


48rc 


48TO 


Density in grams per cubic 














oentimetsf 


1.0-2^ 


1.6^.2 


1.6-2.2 


1.8-2.4 


2.16-2.36 


0.6 


Fuel to OKhlzer ratio 


0.910 1 


0.8210 1 


0.3 to 1 


0.2510 1 


0 5 to 1 


0 5 to 1 


Gas volume produced 




• 




96 


286 


150 








milliliters 


millHiters 


milliiiters 


milliliters 








par gram 


per gram 


per gram 


paf gnm 
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CHAPTER 8 

UNITED STATES BOOSTER AND SECONDARY EXPLOSIVES 



8-1. IntroductkNi. This chapter contains discus* 
fliona of fnMary Ngh €MfiloslV9 ooinpounds. T?iB 69q>l(^ 

sives are arranged by cheiTiical class Tho chemical, 
physical, and thermochemical characteristics, sensitiv- 
ity, perfofmar)ce, and stability are discussed for each 
mfkMm, TiMdMmlCilflmiclure of each compound is 
givefi, and for composition explosives, the ingredients 
are given. The method ot manufacture is also given. 

8-2. Aliphatic Nitrate Esters. Compounds in this 
class are prepared by 0-type nitration in which a nitro 
group is attached to an oxygen atom of the compound 



a. 1.2,4-ButanetriolTtMtrBte(BTN). This explo- 
sive Is also known as n, 3 , -y- thhydroxybutane trini- 
trate and is sometimes referred to as BTTN. The com- 
pound (figure 8-1 ) is a iight yoilow liquid wNh a dsnsily of 
1 .520 at 2(yC, a molecular weight of 241, a melting point 
of - 2TC an oxygen balance to COa of - 1 7 percent, and 
a rofreclivtt index of 1.4738 at 20^. The liquid has a 
viscosity of 62 centipoises at TXfC. 1 .2,4-B^tafwMol 
trinitrate is slightly soluble in water, miscible with alco- 
hol, ether, aceiur le , and a solution of 2 parts ether ar>d 1 
partaloohol. BTN has a haatof tonnaMon of 368calorles 
per gram a heat of combustion of 2,167 calories per 
gram, and a heat of detonation of 1.45B calories per 
giam. TMseempound is a good geiaMnizer fbrnHioeal- 
lulose and can be used as a substitute for nitroglycerin in 
double-base propellants. Heat, vacuum stability and 
volatility tests indicate more statsility than nitroglycerin. 
Ifiipact sensilfvity is about ihe same as 1w nUnoglyosrln. 

Brisance, as measured by the sand test, is about the 
same: 49 grams crushed versus 51.5 grams for nitro- 
glycerin or 47 gramsforTNT.Thefivesaoondexplosion 
temperature is 230''C versus 220*0 for nitroglyoarin. 
BTN can be manufactured by the nitration of 
1,2.4-butaneinoi with a mixture of nitric and sulfuric 



OaNO 




0N03 



b. Diethyleneglycol Dtnitrate (DEGN). 

(1) This explosive is also known as dinitrodi- 
glyool or 2,2'-oxyt>iseStanol dMtrate and is sometimes 

referred to as DEGDN Tl^e compound (figure 8-2) is a 
clear, ootorless, odorless liquid with a nitrogen oontent 
Of 14.29 pereent, athaorsUeal maximum dsnslty of l .39 
grams per cubic centimeter, an oxygen t>alance to CO2 
of 41 porcont and a molecular weight of 196. DEGN 
tx}ils betweenl60' and 16rC and can, upon cooling, 
forni a Stable soM wHh a melting point of 2^ or remain 
liquid to a freezing point of 1 1 2° to 1 1 4''C other 
characteristics of the liquid are: retractive index at20°C 
wHh sodium light, 1.450; vlsoosity at 20*C, 8.1 cen- 
tipoises; vapor pressure at 20''C, 0 0036 torr; vapor 
P'-essure a! 25°C, 0.00593 torr; vapor pressure at 60°C. 
Q.I 30 torr, specific gravity, 1 .385. At 6G°C DEGN has a 
volatility of 0.19 mHigrams per square osntimeter per 
hour. At constant pressure, the heat of oombjstion is 
2,792 calories per gram. The heat of formation is - 99.4 
idlogram calories psr mole. The heat of detonation is 
1,161 calories per gram. DEGN is readily soluble in 
ether, acetone, chloroform, benzene nitrobenzene, 
toluene, nitroglycerin, and glaaai acetic acid out is 
insoluMe in effianoi, cartMn tetrachloride, and carbon 
disulfide. Solubility in water at 25"C and 60"C is 0.40 and 
0.46 gram per 1 00 grams, respectively. DEGN's chemi- 
cal readMty is similar to nitroglycerin's, but is less sub> 
ject to hydrolysis and is not readily saponified by alco- 
holic sodium hydroxide DEGN can be used as an 
explosive and can be used in propellants as a colloiding 
agent for nHreceihiloae. Prapelants based on OEQN 
and nitrocellulose develop relatively low temperatures 
and cause relatively iitUe erosion of guns, but are unduly 



QjN— Q 



RgwB 8-2. Sbudufal formula tor DEGN. 



Figw9 9-1. SMicftirar AmiwAi for 07ilV. 
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(2) DEQNcantemarajtadurodwNhayiaMor 

approximately 85 percent of the theoretical by adding 
diettivlene glycol to mixed acid containing approxi- 
mately 50.3 percent nitnc acid, 44.7 percent sulluric 
add. and 54) parcant water. Tha temparaiure of tha 

mixture is kept at 10° to 15°C The spent acrd is very 
unstable and f una^ off heated or allowed to stand for a 
taw houfs. The separated OEQN ia purifled by washing 
with suooassive portions of water, dilute sodium car- 
tv>nate solution and water until neutral The purity of the 
product is dependent mainly on the punty ot the dieth- 
ylana glyool mad in ttia manutadurlng pnwasa. 

0) DEGN is ao inaenailive that mixing with 
another nitrated compound is required to produce a 
useful expl<^e. OEGN alone, however, does explode 
intha pandulumMdiontast. ThaaMploaion tonif»ara1ijra 
test value for DEGN is 237*C. 

(4) As indicated by the vacuum stability tests, 
DEGN is much more stable than nitroglycerin at lOCTC 
and wll. whan fiaa fmm acidity, wittiatand long tami 
akwage at ordinary tamparaturaa. 

(5) The brisance of DEGN, as judged by the 
modified sand test, is equal to that of TNT and 81 per- 
cent that of nitrogiycadn . At a density of 1 .38 grama par 
cubic centimeter, DEGN's rate of deformation is 6,760 
meters per second slightly less than TNTs The Trauzl 
lead biocR lest indicates DEGN to be 1 44 tol 50 percent 
as powerful as TNT and 77 percent as powerful as 
nitroglycerin The ballistic pendulum test indicates 
DEGN to be 127 percent as powerful as TNT and 90 
paicani as powarfui as nitroglycerin. 

c. mmllutot9 (NC). 

(1 ) Nitrocellulose or cellulose nitrate is a mix- 
ture of nitrates obtained by nitrating cellulose. Cellulose 
(figure 6-3) is a long chain polymer of anhydrogiucose 
unHs (CtHioOis). The number <rf anhydroglucose unlla or 
degree of polymerization (DP) is variable Cellulose 
used for preparation of military grades of nitroceliuk>se 
hava a OP of approKimataly 1,000 to 1,500. Callulosa 
threads possess micellar structure and consist of 
numerous rod-like crystallites oriented with their long 
axis parallel to the thread axis, thus forming a fiber. 
Almost pura calluloaa is found in ttw pHh of cailain 
piarts n absort>ent cotton, and in some filter papers 
Pure cellulose is most readily obtained from cotton by 
liaating with a dilute acid or baaa aolution tliaii 
thoroughly washing wflh water. Attlia praaanttima most 



of thaoaHuioeatornitrecaNulose preparation is o bt a inad 

from coniferous wood, which is 50 to 60 percent cellu- 
lose. Anotlier source is straw, which is 30 to 40 percent 
(^llulose.The nitration ot cellulose involves replace- 
mantof tha hydfogan in tha thfaa fiydRMtyt (OH) groups 
in the anhydrogiucx^se units with NO2 groups. A rep- 
resentative formula for the nitrated cellulose may be 
wrflton as C«H7(OH)« (ONO2) y where x-t- k»3- TTia 
mononitrate, x =2 and y =1 , has a nitrogen content of 
6 76 percent: the dinitrate x ^ 1 and y =2. has a nitro- 
gen content of 11.11 percent, the tnnilrate.x =0 and 
y "3, has a nilrogan content of 14.14 paicant Aa a 
practical matter however, any desired degree of nitra- 
tion up to 14.14 percent may be obtained by adjusting 
tha composition of tha mixad acM uaad for nitration, tlia 
acid to cellulose ratio, the time of nitration, or the temp- 
arature of nitration. In nitrocellulose with less than 14.14 
percent nitrogen, the NO2 groups are distnbuted ran- 
domly along ttia aniifa langtti of tha oalluiosa polymar, 
so X and y should be regarded as average values over 
the entire length of the chain. The nitrogen content 
datermmas tha chamioai and physical properHas of any 
particular nitrocelluioaa. The five grades of nitrooal- 
kiiosa listed below are recogni7ed and lised 

(a) Pyroxylin or collodion, which contains 
from about 6 to 12.3 percent nitrogen, Is light yellow, 
matted Hiamanto. Tha theoretical maximum density is 
1 653 grams per cubic centimeter, the melting point with 
decomposition is greater than 135**C, and the heat of 
t brm a tlonis--216Miocaloria8parmoteforpyn>xyilnwHh 

a nitrogen conlonl of 12 percent. When dissolved ir»3 
parts ether and 1 part alcohol, the solution is pale yellow 
and viscous. Pyroxylin is also soluble in acetone or 
gladai acetic acid, and is precipitalsd from solution by 
water. When thin layers of solutions are permitted to 
evaporate, the pyroxylin forms a tough, colorless film. 
PyKwylin is vary fiammabte and ia decompo s ed by light. 
Thu pvroxv'in used for the manufacture of celluloid 
contains 1 1 .0 to 1 1 .2 percent nitrogen, while that used in 
the manufacture of blasting explosives has a nitrogen 
content of 11.5 to 12.0 percent. The pyioxyiin used for 
miiiteiy purposes contains 12.20 ±0.10 percent of nitro- 
gen, pyroxylin with 11.13 percent nitrogen is hydrolyzed 
to the extant of 1 .71 percent of the available nitrogen 
after 240 hours of boiling in water. The heat of detona- 
tion of pyroxylin with a nitrogen content of 12 percent is 
1.16 kilocalories per gram for liquid water and 1 .02 
i(iiocaiorias par gram for gaseous water. 
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(b) Pyrocellulose is a type of nitrocellulose 
whicit has a nitrogen content of 12.60 ±0.10 peroent. 

Pyrocellufose is insoluble in water and ether but 99 
percent dissolves in a solution ot 2 parts ether and 1 part 
alcohol, 21 percent dissolves in ethyl nitroacetate, and 
1 1 peroent dissolves in aloohoi . Pyrocellulose is soluble 
in acetone, ethyl acetate, methyl acetate, propylene 
oxide, nitromethane, and nitroethane but solubility is not 
limited to these. Pyrooelluloee is used as a prapellant 
and in propellant mixtures. Pyrocellulose with 12.6 per- 
cent nitrogen is hydrolyzed to the extent of 1 .22 percent 
of the available nitrogen after 240 hours of boiling in 
water. The specific heat of pyrocellulose with a nitrogen 
content of 12 .6 percent is 0 3478 calories per gram per 
degree centigrade at ?5*C 

(c) Guncotton is the grade of nitrocellulose 
that contains the highest pereentage of nitrogen obtain- 
able by nitratrnq cellulose with mixed nitric and sulfuric 
acids. The percentage of nitrogen is 13.35 to 13.45 
peroent. The ttieoretical maximum density is 1.656 
gran^ per cubic centimeter, the melting point with 
decomposition is greater Ihan ISB'-'C, and the heat of 
formation is -200 l<ilocalories per mole for guncotton 

with a nitrogen content of 13.35 percent. Gunootlon is 

insoluble in water and ether, very slightly soluble in 
alcohol, about 4 to 10 percent soluble in a solution of 2 
pans ether and 1 part alcohol, and sohiMe in acetone, 
ethyl acetate, and other organic solvents. Guncotton is 
used as a propellant and as a primer in electric deto- 
nators. Guncotton with 13.44 percent nitrogen is hydro- 
lyzed to the extent of 1 .03 peroent of the available nitro- 



gen after 240 hours of boiling in water. The heat of 
detonation of guncotton with a nitrogen content of 1 3.36 
percent is 1 .16 kilocalories per gram tor irqu d wa^er and 
1 .02 kilocalories per gram for gaseous water. The 
specific heat of guncotton wKhanitrogen content of 13.4 
percent is 0 3408 calories per gram per degree centi- 
grade at 25°C 

(d) High nitrogen nitrocellulose is the grade 
of nitrocellulose that contains from 13.75 to 14.14 per- 
centnitrogen.ThetheorMical maximum density is 1 .659 
grams per cubic centimeter and the heat of formation 
is -191 ktlocalohes per mole for nitrocellulose with a 
nitrogen content of 14.14 percent. Tfie compound is 
insoluble in water, ether, n-propyl alcohol ind isopropyl 
alcohol, but at>out 0.6 percent soluble in ethanol, 1 
percent soluble in methyl alcohol, 1 .4 percent soluble in 
a solution of 2 parts ether and 1 part akx>hol, 20 percent 
soluble in methyl acetate, 42 percent soluble in nitro- 
methane, 66 percent soluble in 1-nitropropane,and 100 
peroent soluble in acetone, ether acetate, propylene 
oxide, and amyi acetate High nitrogen nitrocellulose 
can t>e used in the preparation of propellants with higher 
ballistic potential than guncotton, but it is not used in 
U.S. standard propellants because it is too costly to 
manufacture. The heat of detonation for nitrocelluloae 
with a nitrogen content of 14.14 percent is 1.95 
kilocalofies per mole for liquid water and 1.81 
kilocalories per mole for gaseous water. The specific 
heat for nitrocellulose with a nitrogen content of 14.14 
percent is 0.3362 calories per gram per degree 
centigrade. 
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(e) Blended nitrocellulose is a mixture of 60 
to 65 percent gur>ootton and 35 to 40 peroent pyrooel- 

lulose. The guncotton should have a nitrogen content of 
13.4 percent and the pyrocellulose nitrogen content 
should be 12.6 percent. Straight guncotton has a higher 
ballistic potential tfwn blended nitrocellulose but is only 
slightly soluble in an et^P' alcohol solution, the mixture 
most commonly used m the United States to colloid 
nitrocellulose. Blended nitrooellulose of the proportions 
given above is soluble to the extent of about 37+2 
percent in a mixture of 2 parts ether and 1 part alcohol. 
This property makes blended nitrooellulose suitable as 
a single-baae prepellant Two grades of nilniceNulose 
are commonly used* one with a nitrogen content of 
13.15 :^0.05 percent and one with a nitrogen content of 
13.25 ±0.06 percent. 

(2) X-ray diffraction studies have yielded tite 

following information regarding the nitration of cpllulo?:;e 
In the first stage of nitration, nitric acid penetrates the 
entire cellulose stoicture. Tlie amoiphous part of the 
cellulose is more reactive than the crystalline part, so 
the second stage involves nitration of the amorphous 
part. At the same time the micellar arrangement is being 
bnAen down. The third stage of nitration involvBS the 
swelling and breakdown of the micellar arrangement. 
Swelling takes place as shown in figure 8-4. The nitrat- 
ing agent, as is the case witti any esterifying reagent, 
attacks one end of the micelle and causes a gradual 
sliding apart of the chain as nitration proceeds When 
12.2 percent nitrogen content is reached, an orderly 
arrangement of the chains becomes possible and there 
is a sudden appearance of the trinitrate cr/stnliine 
structure. The nitration of cellulose is a reversible reac- 
tion, proceeding as: 

(C6H702)(OH)3+XHN03(C6H702) — 

(OH)3 K (ON02)y+xH20 

where y varies between 0 and 3 over the length of the 
polymer. Therefore, an equilibrium exists for each con- 
oentraflon of nftraling acid, which oorresponds to a defi- 
nite degree of nitration, provided all other conditions, 
such as temperature and pressure, remain the same. 
This means that li the concentration of nitrating bath 
containing nitrocellulose nitrated to a certain nitrogen 
content, is sliqhtfy weakened by the addition of water, 
the reaction wii! go from right to left and nitrocellulose 
will be partly hy droiyzed to the nitrogen corttentoones- 
ponding to the conoenlration of the new nitrating t^ath. 
This reaction is known as demtration. The rate of deni- 
tration is insignificant if the acid is rapidly diluted to a 
very low concentration and cooled at the same time as, 
for example, when ruliooellulose wet nvilti add is 



drowned in a large amount of k:e water. If, on the otfier 
hand, drowning isdoneimo a small amountof water and 
the temperature is allowed to rirc 3 certain amount of 
denitration takes place. During the wringing operation, 
which removes the spent mixed Mid> If the nilrocelluioss 
Is left In contact with a humid atmosphere longer ttian 
usual, considerable denitration takes place, especially 
in the outer layers of the wrung nitrocellulose. 

(3) A point should be made here regarding the 
mechanism of solubHIly of nitrocellulrae. As a general 

rule, solvents for polymers like nitrocellulose act at first 
as swelling agents and only afterwards as dispersing 
reactants. The fibrous structure of nitrocellulose is not 
lost when swelling oompoundssuch as cyckihexanone, 
fenchone, and meta-xylene are used. When nitrocellu- 
lose is treated with a solvent a gel is ot)tained and the 
phenomena Imown as gelatinizalion occurs. A volatile 
solvent can be evaporated in order to obtain a plastic- 
like colloided matenal. A smokeless nitrocellulose pro- 
pellent processed with the aid of an ether-alcohol mix- 
ture is an example. If the solvent is nonvolatile or only 
slightly volatile, the nitrnroi"i;iose forms a gel bv 'jsu- 
ally heat is required tor completion of the operation. A 
douMe^twise. soiventless, smokeless propellant is an 
example If healing is undesirable because of danger, 
gelatinization can be achieved by blending nitrocellu- 
lose at room temperature with a gelatinizer dissolved or 
suspended in a liquid, such as aicolMil, which is not 
necessarily a solvent for ni^ocpllulose. If a sC'd solvent 
such as camphor is used in the preparation o< celluloid, 
the water-wet nHrooeNulose is mixed with powdered 
camphor, some alcohol is added, and the mass is 
kneaded at room temperature for several hours. The 
process is usually called plasticization. Both gelatiniza- 
tion and pinticization yield similar materials which are 
flexible and crack resistant Thp difference is a 
gelatinizer tends to draw the molecules together and a 
plastidzer spreads them out. The solubility of nitrocel- 
lulose in organic solvents and the formation of gels is 
attributed to formation of molecular addition compounds 
between nitrocellulose and the solvent. 

(4) In the manufacture of nitrooeiulose, tite first 

step is the pretreatment of the cellulose. Short fibered 
cotton or cotton lin'prs that have been suitably purified 
by washing witn water are dried at 1 05° to 1 1 (TC until the 
moisture content Is reduced from 6 to 7 peroent to atHXit 
OSpercent If the starting material is wood pulp, the pup 
sheets are fed into a drier maintained at 1 10° to 1 1 5'^C. 
During a drying time of about 15 minutes, the moisture 
content is reduced from 4 to 5 percent to about 0.5 
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percent. The dried pulp Sheets pass from the drier into a 
shredder where they are reduced to pieces at>out five 
miilimeters in length. In storage, the cellulose should be 
kept in alrtidhtcofilsinefs to prevent moisture fiofn l>0ino 

absorbed. The cellulose is nitrated by the mechanical 
dipper process which has displaced other, more 
luueordous processes. The composition of the mixed 



add used in this process varies depending on the type of 
cellulose nitrated, the degree of nitration desired, and 
the season of (he year. Higher temperatures cause 
denitration of the mixed acid, so the nitric ecid content 
must be greater during the summer than during the 
winter. Table 8-1 lists typical compositions of mixed 
acid. 
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About 1 ,500 pounds of mixed add aro placed In astain- 
less steel mt^ator at a temperature cf 30°C The nitrator 
is equipped with two vertical agitators revolvir>g in oppo- 
aito direcliona that impart motion toward the center. 
AppfOKimately 32 pounds of cellulose are added. The 
paddles of the agitator are designed to immediately 
draw ttie cellulose ijelow the surface o( the acid, away 
from the fume exhaust line. Theadditionoflheralluloee 
requires abou\ four minutes; agitation is then continued 
for tvtrenty minutes. Nitration is exothermic, so provi- 
skma must be made to prevent the temperature firom 
vising above 30^C. When nitration has been completed, 
the slurry is discharged through a valve in the bottom to 
a centrifuge, called a wringer, where most of the mixed 
acid Is removed. The oomposHion of the spent add can 
be adjusted if the acid is to be reused in nitration. The 
acid-wet. crude nitrocelluiose is then forked through an 
opening in the bottom of the wringer into a drownir>g 
basin where rapid submersion in cold water takes place. 
The nitrocellulose must then be stabilized and purified 
High nitrogen nitrocellulose can be prepared in the fol- 
iowlno addHional ways. Guncotton wetted with 2S per- 
cent water can be -1 ft 3tedto 14 percent nitrogen content 
t)y a mixed acid containing either 60 percent nitric add, 
20 percent acetic add, and 20 percent aoeto anhydride 
or 50 percent nitric acid. 25 percent aoeiic add, and 25 
percent acetic anhydride This process yields nitrocel- 
lulose with 1 4 percent nitrogen of low viscosity which is 
suitable tor mHitary use. Other nitraling agents may be 
used to produce different percentages of nitrogen. 
Another method of nitration is to heat concentrated nitric 
add to form NzOs vapors which are passed over cel- 
lulose in the shape of paper roils. This process yields a 

14 percent nitrogen content. 

(5) Removal of the impurities in the raw nitro- 
ceftulose is critical to obtain a product with suitable 
stability. Acids and other impurities are absortied on the 
fibers of the nitrocellulose and are hard to remove. The 
first step in the process, called the sour boil, is carried 
out in large cypress wood tube equipped wittt ducts for 
heating yn-j r n uiai ng water at approximately 100°C. 
During the first two hours, the acidity of the water is 
adjusted to 0.05 to 0.50 percent, calculated to H2SO4. 
Pyroce Hu loa e and pyroxylin are subjected to 40 hours of 
Iwiling treatment with three changes of water d' I'nq this 
period.Guncotton is subjected to 60 hours ot boiling 
treatment followed by two five-hour boiling treatments 
with a change of water after eadi troatment The next 



step in the process Is pulping. Because celluloee fibers 

are tubular, having capillary channels running through 
them, part of the impurities present in guncotton are 
Included In these channels and cannot be removed 
unless the fibers are cut into very short fragments. This 
operation is done in an apparatus called a beater, or 
Jordan engine similar to that employed m the paper 
Industry. The beating operation is canied out with a 
large volume of water with just enough sodium carton- 
ate solution added to preserve a slightly alitaline reac- 
tion to phenoiphthalein. Beating Is continued unlH the 
nitrocellulose has been reduced to the desired degreeof 
fineness, as determined by a settling test. After the 
slurry from the tieater has been settled and decanted, 
the nitrocellulose Is subjected to poaching. Poaching 
consists of one four-hour, one two-hour, and two one- 
hour boiling treatments with settling, decantation, and 
the addition of f^esh water after each treatment. In the 
four-hour boiling treatment, sodium carbonate equalling 
0.5 percent of the weight of dry nitrocellulose is added 
The poaching treatment is followed by not less than two 
washes with oold water, each wash consisting of agita- 
tion of the nitrocellulose with fresh water for at least half 
an hour. The next step in the process is called screerv- 
ing. Uniformity of characteristics is difficult to obtain in 
tile various batches of nitrocellulose. To ensure uniform 
characteristics in the final product, portions of batches 
having high nitrogen content and high viscosity are 
mixed with portions having low nitrogen content and 
viscosity. The resulting mixtures possess properties 
intermediate between those of the individual t>atches. 
The mixed sluny is fed through a distributor which 
spreads the nitrocellulose uniformly on packer screens. 
The screen, with 0 02 inch slots, is vibrated mechani- 
cally and the properly pulped nitrocellulose passes 
through the screen Into collecting boxes. If a blended 
nitrocellulose is desired, blending is the next step in the 
manufactunng process. Each blending unit consists of 
two tubs, equipped with propeller type agitators, inter- 
connected so that the contents are kept in constant 
circulation. The receiving tub. or high tub, is filled with 
slurry from the screening operation so that tt>e overflow 
discharges Into the low tub. When the lowhJb is partially 
full, a circulating pump is started and part of the slurry is 
returned from the low tub to the high tub. This process is 
continued for 6 to 7 1/2 hours after which time a sample 
is tested for nitrogen content and solubility in a solution 
of 2 parts ether and 1 part alcohol. The last step in the 
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manufackmof nilrocellulose is wringing. NitroceOulose 

from the screening or blending process is placed in a 
centrifugal wringer with a perforated brass basinet lined 
wNh a 24 mesh copper screen. The tiasket revolves at 
950 rprr 'or nhout seven minutes The wrung nitrocel- 
lulose, with a moisture content of about 31 percent is 
Stored In rustproof metal cans with tight titling coveis. 

(6) Dry nHroceNulose is very sensWve to 

impact, friction, heat, and spark and is never handled in 
quantity in the United States. The results of impact 
sensNivity tests for all types of nitrocellulose are 
approximately 8 centimeters, which indicates nitrocel- 
lulose is 460 percent as sensitive as TNT or about the 
same as mercury fulminate and lead azide. Rifle bullet 
impact tests indicate nitrocellulose to be very sensitive 
with 1 00 percent of the trials yielding complete detona- 
tions. While the five second explosion temperature test 
value for pyroceilulose (170°C), blended nitrocellulose 
(200"C). and guncotton (230*'C) are not particularly low, 
the rapid rate of decomposition of the material at tem- 
peratures greater than 100°C and the exothermicity ol 
sueti decomposition maltethe material very sensitive to 
ignition by a spark. Nitrocellulose can be detonated 
even when wet. A mixture of 60 percent nitrocellulose 
and 40 percent water confined in a steel barrel some- 
times is detonated by a stick of dynamite. Thefirequency 
of detonation is greater when the water is frozen. Tests 
have shown that nitrocellulose uniformly wetted with 35 
percent ethanol will also detonate, on occasion, wlien 
initiated with dynamite. 

(7) The brisance of nitrocellulose, as deter- 
mined by the sand test, is directly comparable with TNT 
but less than letryl. The brisance of nitreoelluk»e 
increases with increases in the nitrogen content The 
rate of detonation of guncotton with a nitrogen content of 
13.45 percent and density of 1.2 grams per cubic cen- 
timeter is 7,300 meters per second: greater than ttiat of 
TNT. As nitrccellu'cse prnpellants can be detorated as 
well as burned, their brisance values are high. Trauzl 
lead blodc tests show guncotton (13.2 to 13.4 percent 
nitrogen) to be 136 to 147 percent as powerful as TNT 
and the ballistic mortar test indicates guncotton is 1 18 
percent as powerful as TNT. 

(B) The great care taken in the purification of 

nitrocellulose is due to the necessity for removing 
impurities that are much less stable than the nitrocel- 
lulose. Cellulose sulfate is unstable with respect to heat 
and moisture. Propelianls made from nitrocellulose 

containing even comparatively small amounts of such 
esters give decreased 134.5°C heat test values and 



detarkmilo more rapidly. The nitrates of oMidlzed cel> 

lulose are also objectionable and cause increased 
instability of nitrocellulose if not removed during the 
purification process. Elevated temperature tests show 
that even nitrocellulose of high purity is much less stable 
tfian most of the noninitiating military high explosives. 
The stability of pyroceilulose and blended nitrocellulose 
is 35 minutes, minimum, by the 65.5* Kl test and 30 
minutes, minimum, by the 134.5''C heat test. Figure 8-5 
shows the DTA and pyrolysis curves for nitrocellulose. 
Vacuum stability tests Indicate the stability of nitrocel- 
lubse decreases with in reas nq nitrogen content. For 
nitroceUulose with a nitrogen content of 12 percent, 5.0 
cubic centimeters of gas are evolved in 48 hours at 
120°C. In the LLNL reactivity test. 1 .0 to 12 cubic cen- 
timeters of gas are evolved per 25 grams of sample. 
Nitrocellulose appears to undergo very slow decom- 
position even at ordinary temperatures. The rarte of 
decomposition increases 3.71 times with each lO'C 
increase in temperature. The presence of moisture 
increases the rate of decomposition considerably and 
the presence of free acid or altaii has an even more 
pronounced effect. Rates of decomposition of pyrocel* 
lulose under various conditions are shown in tat)le 8-2. 
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From these data, it is apparent that alkali is morp p"oc- 
tive than acid in causing the deterioration of nitrocal- 
lulose. Pyroceilulose is hygroscopic to the extent of 3 
percent ai30°C and 90 percent relative humidity. Under 
the same conditions blended nitrocellulose. 13.15 per- 
cent nitrogen, is hygroscopic to the extent of 2.5 per- 
cent, guncotton, 13.45 percent nitrogen, to 2 percent, 
and high nitrogen nltroceiluloee, 14 percent nittrogen, to 
1 percent. 
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(9) Military grades oi rritrocellulose are: 



GredeA 
Type I 

Type 11 
Grade B 
GrvtoC 
Typel 
Type II 
GrwtoO 
GnO&E 



PyrooeHulOM 



Guncotton 



Pyroxylin 



12.60*0 10 
12.60^0,15 
13.35 minimum 

13,15±0.05 
13.25 ±0.05 
12.20±0.t0 
12.00 ±0.10 



The maximum allowable ash left after ignition ot the 
nilrocelulose In any gndn Is 0.4 percent The minimum 
percentage that is insoluble in ether alcohol in grades A, 
D, aiKl E IS 99 percent. The solubility Hmit for grade C in 
ettier etaohol le Ml to dlBoraOon of tfie ooninctof men* 
ufMluring propellents from ihe nitrooelulose. 

d. Nitroglycerin (NG). 

{D Nitroglycerin, glycerol trinitrate, or 
1 ,2,3-propanetnoi trinitrate, shown in figure 8-6, is a 
dear, colorless, odorlses, oily Kquld wNh a ttieoreUcal 
maximum density of 1 .596 grams per cubic centimeter. 
Nitroglycerin has a swreet, burning taste and a molecular 
weight of 227.1. 



H2 H Hi 

JL • • 

C— C — C— O— 

OiN— O i — NO* 



NOt 



FIlfimM. Slmefuf^ formula for n«roifijfe9rtn. 

(2) Pure nitroglycerin freezes to form dipyrami- 
dal rhombic crystals with a heat of crystallization of 33.2 
calories per gram. This is a stabile fonn with a freezing 
point of 13 2*C and melting point of 13.5*0 Under some 
conditions, glassy tridinic crystals with a heat of crystaf- 
lization of 5.2 calories per gram are formed. This is a 
labiie form with a freezing point of 2. rc and a melting 
point of 2.8°C. The labile form gradually changes into 
the stabile form after a week or two with a heat of 
oonversion of n celeries per gram. NHroglyoerin hesan 
apparent boiling point of 145*C, but this is merely the 
temperature at which nonexplosive decomposition 
becomes vigorous enough to resemble trailing. True 
tx>iling takes place at reduced pressure: at 2 torr the 
t)oiling point is 125''C and at 50 torr the boiling point is 
180°C. Even under high vacuum trailing, however, some 
deoomposMion takes piece. 



(3) Nitroglycerin has a specific gravity value of 
1.596 20/15 and a fefracUve index veiue of 1 A792 at 

20°C Viscosity values are 0.36, 0 21 0 094, and 0 06B 
poise at 20°, 30°, 50°, and 60°C, respectively. The vapor 
pressure values for nitroglycerin in torr are 0.0013 at 
1 5''C, 0.001 5 at 20*C, 0.001 77 at 25»C, 0.00459 at 35«C, 
0.0075 at40°C, 0 01 294 at 45°C. 0 03587 at SS^C, and 
0.06 at 60°C. Decomposition begins at 50" to 60°C. 
Nitroglyoerfniswletiietothe e xtent of 0.11 mNHgramper 
square centimeter per hour at eO'C. The specific heat of 
nitroglycerin is 0.356 calories per gram per degree cen- 
tigrade between 35°C and 200°C. 

(4) The heet of detonation is 1 ,486 celeries per 

gram for gaseous water and 1 ,590 for liquid water. One 
gram/mole of nitroglycerin produces 71 5 rriiiiititers/ 
163.5 liters. The heat of formation is ~ 90.8 iiilocalories 
pormole. 

(5) Nitroglycerin is soluble in one liter of water 
to the extent of only 0 1 73 0 191,0.228. and0.246gram 
at 20°, 30°, 50° and 60 C, respectively and is essentially 
nonhygtoscopio when ex p os e d to elmospheric humid- 
ity. Absolute ethanol dissolves 37 5 and 54 grams of 
nitroglycerin per 1 00 grams of solvent at 0° and 2Q°C, 
respectively. 96 percent alcoholdissolves 40 grams per 
100 grams of solvent at 20*0. Carbon tetrachloride die- 
solves 20 milliliters per liter and trichloroettiylene dis- 
solves 20 parts per 100 parts of solution. Carbon disul- 
fide at room temperature dissolves only 12.5 grsms psr 
liter of soivenv Hot ethanol and nitroglycerin are rnisd* 
ble in all proportions. Nitroglycerin is miscible in all 
pro po rtion s wHh ether, acetone, glacial acetic acid, ethyl 
acetate, benzene, toluene, phenol, nitrotranzene, 
chloroform, ethylene chloride, and nitric esters such as 
glycol dinitrate. Nitroglycerin can be used as a solvent 
forolhsresqiloshree: SSgrameof dinitrotoluene dissolve 
In 100 grams of nitroglycerin at 20"'C and 30 grams of 
trinitrotoluene dissolve per 100 grams at 20°C. Nitro- 
glycerin is used extensively in propellant compositions 
as a gelatinizing agent for nitrocellulose as wei as in 
dynamites and for the shooting of oil wells. 

(6) Concentraied sulfuric acid decomposes 
nitroglycerin resulting m the formation of nitric acid. In 
the presence of metallic mercury, nitric oxide is formed 
quantitatively, and this reaction is the basis for determi- 
nation of the purity of nitroglycerin by the nitrometer 
method. The reecHon between nitroglycerin and aque- 
ous sodium hydroxide is slow because of their immtod- 
bility, but if ethanol is added the reaction is rapid. 
Sodium nib'ate. nitrite, formate, and acetate are pro- 
duced m this reaoHon and rseinous material, oxalic add, 
and ammonia are produced as bvr>rodticts Nitro- 
glycerin IS hydrolysed to a very slight extent by water; 
produdng lees than 0.002 psrcent of acidity in 1 0 days 
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al 22*C or 0.005 percent of acidity in 5 days at 6(rC. An 

aqueous solution of sodium sulfide decomposes nitro- 
glycerin producing great heat. This reaction can be used 
for the destruction of waste materiai. 

(7) Nitroglycerin is manufactured by nitrating 

glycerin with a mixed acid. Several processes are cur- 
rently used in the United States and Europe. The pro- 
cesses can be generally classified according to whether 
ihey are continuous or bal^ production. 

(a) In batch production, liighgradeglycerol is 

added to mixed acid that consists of 45 to 50 percprt 
nitric acid and 50 to 55 percent sulfuric acid. The mixed 
add is prepared vveli In advance to altow metallic sul- 
fates to settle out. The metallic sulfates might otherwise 
interfere with separation of the nitroglycerin. Two 
important factors detemnine the proportions in the mixed 
add. First, Oiattheralioofthe sulfuric add totwaler at the 
end of the reaction, the dehydrating value of the sutfuric 
add or OVS, is maintained between 4.35 and 4.5. The 
water includes both ttie water In the original reactanis 
and that produced durif>g the reaction. This ensures that 
the nitric acid is maintained at a sufficient concentration 
to ensure completion of the reaction so that completely 
nitrated products that are subjsct to exothermic oxida- 
tion reactions are not formed. Second, that enoug'^ nitr-c 
add is present to drive nitration, which is a reversible 
reaction, to oompielian. A si i g ht excess of nitric acid wilt 
accomplish this. The reaction between the glycerol and 
mixed acid is carried out in a nitrator equipped with a 
mechanical agitator and cooling coils that carry a brine 
solution of caiduffl chloride at -20*0. A 8,8G0 pound 
charge of mixed acid is placed in the Mit-a'or and the 
gtycerol is added m a small stream. The mixed add to 
glycerol ratio, by weight, is between 5,5 and 6.5. If too 
much glycerol is added, aKOlhormicdaoompositjon and 
oxidation reactions occur and temperature control 
becomes difficult. The temperature is maintained at 2* to 
3*0 by cutting off thellow of glycerol as necessary. If the 
temperature does rise above 3°C. the contents are 
drowned in a water tank beneath the nitrator. Stirring 
must be adequate to prevent finssizing on the cooling 
coils Stirring is continued for a few minutes after the 50 
to 60 minutes required to add the glycerol. Then the 
nitroglycerin is allowed to separate completely. The 
lower layer of spent add is drained off to be recycled or 
otherwise dispof^c-! nf and the nitroglycerin is run off 
into a neutralizer. An initial 40''C water wash removes 
most of the acid. Then a wash with a 2 to 3 percent 
sodium carbonate solution neutralizes the residual acid. 
Washing with water is continued until the water is free of 
alkali and the nitroglycerin is neutral to litmus. The final 



step in this manufacturing process is to wash with a 

Kodium cMorifie solution to rprnove any nitroglycerin 
water emulsion. Moisture content gives the product a 
milky appearance, but on storage in a heated building, 
(tie malarial becomes dear and the moisture content 
decreases to 0.4 percent or less The yield of nitro- 
glycerin is 230^^5 parts by weight per 100 parts of 
glycerin. 

(b) The chemislry involved In the contf nuous 

manufacture of nitroglycerin is basically the same as 
that described for batch processinq evcept the equip- 
ment IS designed to allow nonstop production. The ad- 
vantages of continuous processes are: taster produc- 
tinn, better process control, lower labor costs, and, 
perhaps most important, safety, as a result of the smal- 
ler accumulations of nitroglycerin at any given plant 
location. In the United States the common practice is to 
nitrate mixtures of glycol and glycerol. The nitration 
proceeds m the same manner as with pure glycerol. 

1 The Schmid-Meissner process (figure 
8-7) involves continuous nitration of glycerin or ottiar 
liquids, such as ethyleneglycolordiethyleneglycol, sep- 
aration of the nitrated product from ^nt acid, and 
purification by neutraNzalion and wasNng. The stainless 
steel nitrator is equipped with a motor driven, steel 
propeller, vertical cooling coils, and an overflow tube to 
separator. Atwo way valve, wMch may be connectedto 
the mixed nitric-sulfuric acid line or may be opened to 
the drowning tank is fitted centrally to the bottom of the 
nitrator. Brine at about -5°C is circulated at a controlled 
rate around the cooling tubes in the annular space out- 
side the nitrator As a measured amount, per unit time, 
of mixed acid is ted in from the bottom, a calculated 
amount of glycerin is fed in from the top at a level beHom 
that of the overflow pipe. The flow of materials into the 
nitrator is by means of automati'-allv controlled air pres- 
sure. The propeller mixes the two liquids and glycerin is 
nitrated to nitroglycerin. The temperature in ttte nitrator 
is not allowed to exceed 18*C. The emulsion of nitro- 
glycerin and spent acid flows oil continuously through 
the overflow to tlie separator, wNch is a stainless steel, 
inclined, rectangular tank provided with a number of 
vanes, equipped with a bottom draw off valve for spent 
acid, a sight glass near the top, and a steel neck with 
overitow pipe for the nitroglyoerin. Because of differ- 
ence in density, the spent acid settles to the bottom of 
the separator and the nitrated product rises. The with- 
drawal of add from the txjttom Is regulated to keep the 
separated nitrated product in the top of the separator at 
a predetermined level The spent acid is discharged to 
the acid recovery plant and the nitroglycerin fk>ws by 
gravity lo the base of the first of the washing columns. 
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Each column consists of superinnposed cylindrical glass 
sections (rings) separated iiy perforated stainless steel 

plates and rubber ring gaskets The nitrated product 
from the separator enters the bottom of the first washing 
column, is mixed with cold water and emulsified by 
means of air infected into the liquid. This also forces tite 
material to rise to the top of the column, where the 
emulsion overflows into a tank which serves as an 
intermediate separator. Here the nitrated product 
rapidly settles to the bottom, and flows to the base of the 
second wash column. In the second column the sepa- 
rated nitroglycerin is mixed with a hot dilute solution of 



soda and ammonia and then emulsified with air. The 
emulsion Hows from tlie top of the column to anoltier 

intermediate separator where the nitrated product set- 
tles to the bottom and is separated from the soda ash 
water, which is conducted to waste via settling tanks. 
Any nitrogiycerin lield in tlie tanics is 6nmn off periodte- 
ally and rewashed. The nitrated product is subse<|Uenlly 
passed through additional wash columns and 
separators until tl>e desired slalsility is attained. RnaRy 
the puhfied product is passed through a flannel filter bag 
before being caught In a lead tank for storage and use. 



GlYCERINFEEP 



NtTROOlYCEPiN 




WATER 



(PASSED THROUGH additional 
WASH COIUMMS IF NECeSSARV) 



WASTE WATER 
BAFFLE TANK 



F/gure fi-7. Schmid-Meissner continuous method lor manufacturing nitrogfyCWin. 
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2 The Biazzi process (figure 8-8) is similar 
to the Schmid-Meissner. but is consideFecf lo be safer 

because of the smaller amount of nitroglycerin in !he 
system ai a ^iven ttme. The nitrator is a small, cylindri- 
cal, stainless steel vessel provided with a banic of helical 
cooling co'ls A high speed, shrouded, imn:e'"t^-rype 
ag talor forces the nitrating acid up through the bank of 
coils and down through the cylindrical space in the 
center of the coils. The fresh, mixed acid and the mate- 
rial to be nitrated stored m large scale tanks or bins 
enter, in controlled ratio, at the top of the mtrator. striking 
the liqutd at such a point in the vortex that the feed is 
immediately thrust beneath the surface and earned 
down through the cenfral s::ace formed by the coils The 
mixture then spirals bacK . up and out, through the banks 
of cooling coils and a portion is carried off by the over- 
'low pipe which leads 'o the separator. The flow o' 
mixture past the coils is counter to the flow of cooling 
bnne circulating through the coils. Because of this 
arrangement which permits rapid reaction through rap d 
Hfiat absorption, the mixed acid can be stronger than 
mat used in the Schmid-Meissner process The cooling 
coils, agitator, ^d cover of the nitrator are mounted as a 

unit separate from the cylindrical body w'^-ch car be 
lowered hydrauiicaliy for inspection. The Biazzi acid 
separator is a stainless steel vessel of the shape shown 
in the figure. The emulsified mixture of nitrated product 
arid spent acid enters tangentially through the ■^•de 
about midway up and imparls a slight centrifugal action 
to the upper layer of liquid in the separator. This action 
h.f? PS to b'-eak 'he emulsion and to prevent local over- 
hedting. The spent acid flows continuously from the 
bottom of the separator through a draw off valve, con- 
tra .(-a oy an arjjustable collar, which can be raised or 
lowered by means of a micro scrpv,' atfachrrert After 
leaving the first separator, the ac<d is passed through an 
after-separator from which some of the nitrated product 
IS 'ecovered The spent acid leaving the ^ft'^r-snparator 
IS usually diluted with water to dissolve traces of dis- 
solved nitrated product. The separated, nitrated product 
is continuously dra wn off from the first separator into a 
stainless steel wasn tank equioped W'ti' a cylindrical 
baffle and an impeller-type agitator. Waler ii> continu- 
ously added to the wa^er and the mixlure overflows 
into a second separator The nitrated product is drawn 
from the bottom of the separator and is conducted to the 
second washer where some soda wash solution is 
added with ag i it r i' a high purity nitrated product is 
required, such as for nitroglycerin used in propellants, 
the emulsion from the second washer, together with 
some soda ash solution, is conducted through a battery 
of three or four washers in wh^rh v;,TGh waters are run- 
ning countercurrent to the movement of nitroglycerin. 
From there the emulsion passes through a series of 



separators arranged m cascade and is collected in a 
storage tank. In cases of overheating, the nitrator and 

the first separator can be emptied quickly into a drown- 
ing tank which is generally filled with water t>ut can be 
filled with sulfuric acid. The Biazzi process is also used 
in the manu'acture of DEGN and other aromatic and 
alphatic nitrocompounds. Omy one nitrator is required 
for mononilration but for higher degrees of mtration 
more nitrators are added in series. Such nitrations usu- 
ally employ the spent fortified acid ff om the higher nitra- 
tion as the mixed acid for the ne*t iower nitration 

3 The Swedish Nobel Aktiebolaget pro- 
cess for nitrating glycerin consists of an injector nttrator 

and a centnfugal separator for separating nitroglycerin 
from spent acid. The mixed acid used m this process is a 
mixture of about 1 .7 parts spent acid and one part oon- 
venfional 50 percent nitric and 50 percent sulfuric acids, 
mixed acid. This mixture contains about 27 percent n-tnc 
acid and 10 percent water. Glycerin flow into the injector 
is controlled by the acid flow through the injector in the 
same manner that suction is produced by a water aspi- 
rator. Thus, if the acid flow is reduced by some equip- 
ment malfurtctloning. the glycerin flow is automatically 
decreased This c-ocess, unlike most of the others, 
operates at a high temperature, about 45' to SO'C. The 
glycerin or glycerin-glycol mixture is heated to 45^ to 
50'C before entering the injector. The mixed acid is 
cooled to CC- In the injector the heat of reaction main- 
tains the fluid temperature at 45^ to 50'C. Automatic 
controls give warning or shut down the operation if the 
temperature hses a few degrees above the normal 
range. The nitroglycenn acid emiJsion enters a cooling 
system immediately after leaving the injector. The 
temperature of 45' lo 50' is maintained for only about 
half a second During the next 80 to 90 seconds the 
mixture is cooled to 1 5°C. In the following 30 seconds 
the nitroglycerin is separated from the spent acid. A 
continuous centrifugal separator separates nitroglyc- 
enn from the spent nc"i The centrifuge cv:erates at 
3,200 rpm. For a unit with a capacity of 25.000 iiters per 
hour the quantity of nitrogiyoerin in the separator bowt 
during operation is only 3 5 kilograms The separated 
acid free nitroglycerin is emulsified immediately by a 
wash jet to form a nonexplosive mixture and is removed 
continuously from the separator house to the nitro^ 
glycerin wash-and-weigh hou.se 

4 Another proposed metnod is very similar 
to the Nobel Aktiebolaget process where the reactk>n is 

carried out m a tube. The Significant difference is that the 
mixed acid and giycenn are pumped and tiji bulent flow 
is maintained in the tube to ensure a complete, rapid 
reaction. The reactants are then cooled, separated, and 
washed. 
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Figure 8-8. Biazzi continuous method for manufacturing nitroglycerin. 



{8) There are two grades of nMroglyoerin 

specified for military use. Type I uses grade B glycerin 
for manufacture. Type II uses partially polymerized 
glycerin. These two grades must comply wttll the fol- 
(owing requirements: 



Moisture content, 

maximum 
Acidity or alkalinity, 

maxntium 
Nitrogen content 



82.2'C, Kl test, 
Minimum 



Type I 

0.5 percent 



Type II 

0.5 percent 



0.002 percent 0.002 percent 

18 40 percent, 17.8 percent, 
minimum minimun 
17.9 percent, 
maximum 
10 minutes 10 minutes 



The Kl test does not measure stability but md.cates the 
presence or absence of trace impurities not found in 
highly purified nitroglycerin. 

(9) The great sensitivity of nitroglycerin is 

generally reconrtTpr) The pendulum friction test indi- 
cates nitroglycerin is very sensitive to fnction. Impact 
test resutts vary with the instrument used, however, they 
alt indicate nii.'oqlvcenn s very sensitive to impact. The 
Picaiinny Arsenai impact test shows nitroglycenn is 
more sensitive than mercury fulminate. The results of 
impact tests have t>een found to depend on the area of 
rhe impacted nitroglycerin the smoothness of the two 
surfaces involved, and the aeration of the nitroglycerin. 
The tests indicate a force of at least 1000 gram cen- 
timeters is necessary when using a five centimeter 



diameter weight but with a 2.5 centimeter diameter 

weight 3 greater force is required Even the slightest 
dents in the anvil will greatly increase the sensitivity as 
measured by an impact test. Detonation is attributed to 
thermal ignition firom compressed gas bubbles with the 
degree of compression being higher in the area of a 
dent. An increase in temperature increases sensitivity to 
imiMict marlceiMy . Frozen nitroglycerin is much less sen- 
sitive than liquid and the liquid increases in sensitivity as 
the temperature rises. The most sensitive term, how- 
ever, is when crystals are in contact with the liquid. Many 
accidents have occurred when frozen dynamite was 
jarred while being thawed. In general, unconfined bulk 
nitroglycenn is difficult to ignite by flame or heat, the 
ease of ignition improving as the nitroglycerin layer 
becomes thinner Nitroglycerin may exp'odc instead of 
igniting if large quantities are subjected to localized, 
sudden heating. If a very sntall qua ntity of the material is 
contained in a capillary glass lube and this is exposed to 
a flame, the nitroglycenn detonates with a loud report. 
When compared with similar values for other expto- 
sives, the five second explosion temperature test value 

of n:trogIycer:n. 222"C. does no' indicate the observed 
sensitivity to initiation by heat. At 50° to GCC nitro- 
glycenn liquid or the liquid saturated in filter paper does 
not explode or ignite from a 13 kilovolt spark from an 
eight micro farad capacitor, In gap sensitivity tests, 
blends of 1 5 percent nitroglycerin and 85 percent inert 
salts were paclted in two identical 30 to 32 millimeter 

diamefer luhes and placed end fo end on dry sand a 
definite distance apart. Detonation of one tube resulted 
in detonation of the other at maximum gaps for these 
salts of: NH4CI at 25 centimeters, NaCI at 11 centime- 
ters. NaHCOa at 10 centimeters. Oiammonium sulfate, 
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diammonium caitonate, chalk, or talc did not transmit 

the detonation even at zero gap The particle size of the 
salts is important. For NaCI ttre optimum size is 0.10 to 
0.12 mMlimeter in greatest dimension. Nitroglycerin is 
initiated to detonation by a black powder squib, but not 
uniformly so. No data are available in connection with 
the sensitivity of nitroglycerin to initiation by initial deto- 
nating agents. Howsver. the (acttturt 40 percent straight 
dynamite can be detonated by lead styphnate indicates 
a high degree of sensitivity, since lead styphnate will not 
detonate pmsed PETN and this is very sensitive to 



(10) Pure nitroglycerin is too sensitive to be 
transported by common earner. A mixture of 70 parts of 
nitroglycerin and 30 parts of acetone by weight is reia- 
tivaiy insensitive and sometimes is transported by 
wagon or truck. Such a mixture can be detonated by a 
No. 8 blasting cap. Modified Bureau of f^ines impact 
tests of various mixtures gave the sensitivity values 
shown by tafctle 0-3. 

TaU9 8-3. /m/Mcf SenaitMty of 
fHtrogfyoerin-Ae«tone Mixtuna 




The nitroglycerin in such a mixture can be separated 
from the acetone by precipitating the nitroglycerin by 
addWon of an excess of water or tty evaporating the 
acetone with a current of air. An emulsion of 87 percent 
nitroglycenn and 13 percent water that has been 
stabilized with metliyi cenulose also has been found to 
be sufficiently insensitive to permit safe handling. This 
mixture is not detonated by a blasting cap. 

(11) The detonation velocity of nitroglycerin 
varies according tt> the method of initiation. When prop- 
erly initiated, the norma! rate of detonation at a density of 
1.60 grams per cubic centimeter is given as 7,700 
meters per second. When improperly initiated, the rate 
can be as low as 1 .500 to 2,000 meters per second. The 
rate of detonation also vanes according to the state of 
the nitroglycerin. In a 22 millimeter inner diameter glass 
tube with a 7,000 meters per second picric add fuse. 



detonation velocities of 9.150 meters per second. O 

meters per second, and 1 . 165 meters per second were 
obtained for the stabile, labile, and liquid forms, respec- 
tively. Use of a 20 gram tetryi booster gave 9, 100 meters 
per second for the labile form. Use of 1 0 to 1 5 grams erf 
the stabile form as a booster gave 8.750 meters per 
second for the liquid form. Tests indicate that the tiri- 
sance of the stabile fomn is much higlier than either the 
labile or liquid form The Trauzl lead block compression 
test indicates nitroglycerin is 1 15 percent as t)ri$ant as 
TNTwhHethesandtestindicatesa value of 120 peraent 
The temperature of explosion is given as 4,S77"C for the 
decomposition as shown: 

NQ^-*3C02+2.5H«0+1.5«N +0,SOi 

and a resultant pressure of 1 0.000 atmospheres. Trauzi 
lead blodt test results of 390 cubic centimeters. 518 

cubic centimeters, and 560 cubic centimeters want 
obtained for the stabile, liquid, and labile forms, respec- 
tively. The Trauzl lead block test value tor nitroglycerin is 
greater than that for any other military explosive. This is 
in agreement with the correspondingly high heat of 
explosion value. The ballistic per>dulum test values indi- 
cate RDX and PETN to be more powerful than nitro- 
glycerin This can be explained by the fact IhiA nitro- 
glycerin has a ratio of combined oxygen to oxygen 
required for complete combustion of 105.9 percent, 
while RDX and PETN have conesponding ratiosof 66.7 
and 85.7 percent respectively In the Trauzl test, the 
samples are not in contact with air, while in the ballistic 
pendulum test, air surrounds tf>e sample when placed in 
the explosion chamber. This would tend to inceaaethe 
test value for explosives that are less than oxygen- 
balanced but have no effect on the test value for nitro- 
glycerin. 

(1 2) Nitroglycerin is quite stabte at tempera- 
tures less than 50*C. as shown by storage tests over a 
penod of years. At higher temperatures, the rate of 
decomposition increases rapidly, and 100^ vacuum 

stability test data show that at tiiat temperature nitro- 
glycerin IS the least stable ol the standard military explo- 
sives of the noninitiating type Nitroglycerin does not 
cause significant conrosion of metals. This is attributed 
to the low solubility in water, the stability, and the neu- 
trality of nitroglycenn. Rust markedly increases the 
decomposition of nitroglycerin, as indicated by 100*C 
vacuum stability tests The presence of r-nore than a 
trace of tree acid renders nitroglycerin quite unstable: 
decomposition with the appearance of red fumes takes 
place vrithin a few days. 
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e. Nitn)st»ch(NS). 

(1 ) Nitrostarch is a mixture of nitrates obtained 
by nitrating starch^ The general formula for starch is 
CeHioOs The structure of starch is the same as for 
rArocellukMe, as shown In figure 8-3, with the exoeplian 
that the polymer chains arc spiral rather than straight. 
The starch molecule consists of approximately 1 .000 
anhydrogluoose units. The nitraMon of starch involves 
repiacement of the hydrogen in the three hydroxyl (OH) 
groups in the anhydrogluoose units with NO2 groups. A 
representative formula for the nitrated starch may be 
written as C6H7(OH)«(ON02)r where x*Y^3.Jhe NOz 
groups are distributed randomly along the entire length 
oi the starch molecule, sox and/ should be regarded as 
averages over the enHre length of the dialn. The fol- 
lowing empirical formula can be employed 10 oMaihKftS 
a functk)n of the nitrogen content N: 

y-162W<1400-45M) 

The appearance of nitrostarch is practically the same as 
the unnitrated starting material. Nitrostarch's solubility 
characteristics are determined by nitrogen content. With 
a nitrogen content below 8 percent, nitrostarch is 
acarcely soluble in a mijcture of ether and alcohol, ff tlie 

nitrogencontenf is between 8 percent and 12 8 percent, 
the solubility is complete but with a nitrogen content of 
over 12.6 percent, nitrostarch is only partially dissolved. 
Foranitrogencontentof6.4 percent, thesolutoility is8.4 
percent and for a nitrogen content of 13.1 percent the 
soiubility is 78 percent, in acetone the soiuijility is com- 
plete for a nitrogen content of more than 6.4 percent. In 

ethyl alcohol the solubility is complete if the mtrngen 
content is between 10 and 1 1 .5 percent. From a chemi- 
cal viewpoint, nitrostarch may be considered to be 
another forni of nitroceflulose t«ritti tfie same nitrogen 
content. Decomposition can be accomplished with sul- 
fuffc acid in the presence of mercury. Therefore rvtrogen 
content can be measured by an nNromeler. When dis- 
solved in nitric acid and allowed to Stand, nitrostarch is 
decomposed. As with nitrocellulose, aqueous alkali 
solutions cause saponification. Nitrostarch has a wide 
variety of gelatinizing agents ^nd is used rattier tfutn 
nitrocellulose in explosive compositions chiefty as a 
substitute for nitroglycerin. These compositions have 
the major advantage of being nonfreezing and not sub- 
ject to the desensitization th at ac c ompanies *h e fro e zing 
of nitroglycerin explosives. Nitrostarch explosives have 
been used as successfully in the Antarctic and Arctic 
regions as in temperate cNmaies. There la no standard 
grade of nitrostarch used for military purposes, but th9T9 
is a specified commercial grade having a nitrogen con- 
tent from 12.0 to 13.3 percent 



(2) The methods of production and stabilizalion 

of nitrostarch are considered trade secrets, so details 
are scarce. The starch used is produced from corn or 
eassa^ and can be otitained from potatoes. This is 
purified to sorro extent by washing with a dilute sodium 
hydroxide or ammonia solution to remove fats and pec- 
tic acid and then washing with water. The starch is then 
dried 80 that the moisture content is lees than 0.5 per- 
cent. Nitrostarch can be prepared by dissolving starch in 
an excess of nitric acid and pouring this solution into an 
excess of sulhiric add to precipitate the nitrostarch as 
an amorphous powder. This method is uneconomical 
and hard to control and consequently, not used com- 
mercially. The usual preparation methods employ 
mixed acids. The nHnogen content of the nitrostarch 
depends on the composition of the mixed acid and on 
the mixed acid to starch ratio. A ratio of 4 parts mixed 
acid to 1 part starch is used in one manufacturing pro- 
cess. The starch is added to the mixed acid in a nitnrtor, 
ttve temperature not exceeding 38° to ACC The com- 
position of the mixed add varies with the degree of 
nitration desired; an add for nitration to 12.75 percent 
nitrogen contains 38 percent nitric acid and 62 percent 
sulfuric acid. After nitration is complete, the contents of 
the nitrator are drowned in cold water and the nitrratarch 
caught on a filter. Nitrostarch is purified by washing with 
cold water, with the addition of ammonia during the 
preliminary washing, until all traces of free acid are 
removed. After separation on a filler or in a centrifugal 
wringer, the nitrostarch is dried on trays in a dry house, 
heated to 35" to 40°C. The drying operation is the most 
dangerous of those involved In the manufacture of nitro- 
starch because the dry material is sensitive to ignition by 
spark and burns with great violence. Nitrostarch can 
also t>e prepared via nitration with nitric and phosphoric 
adds NsOs dissolved in nitric add; NaSh dissolved in 
cMoroform; or nitric acid with P2O5. 

(3) Nitrostarch is slightly less sensitive to 
Impact than guncotton, or about 280 percent as sensi- 
tive as TNT. The exptoeion temperature test value of 
nitrostarch. 21 rc, is essentially the same as that for 
nitrocellulose, 230°C. 

(4) Tfie brisance and power of nitrostarch are 
Similar to those of nitrocellulose of oomparable nitrogen 
content. The detonation velocity depends on the nitro- 
gen content. The range for properiy detonated nitro- 
starch is from 1 .000 meters per second at 8.9 percent to 
6,190 meters per second at 13.4 fwrcent. 

(5) Heat tests at 120° and 134.5°C indicate 
nitrostarch is less stable than nitrocellulose: at ordinary 
temperatures, the two appear to be of similar stability as 
Judged by long term storage tests. 
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f. PBTttawythritol TetranftrMB (PETN). 

( 1 ) PETN Is also knovm as 2,2-bi8 [(nHraoKy) 

methyl ]-1,3-propanediol d<nitrate; penthrile: or nifro- 
penta and may be referred to as TEN. The compound 
(1lguf« 8-9) is a whits solid witli a molseular wsight of 

316.2. PETN has two polvmorphs; one with a tetragonal 
crystalline structure and the other with an orthorhombic 
crystalline structure. The phase change t>etween ^s 
tvvo polymorphs occurs at 130*C. Thetstragonal crys- 
tals have a density of 1 778 grams per cubic centimeter 
and the orthorh(Knbic crystals have a density of 1.716 
grams par cubic cenlimstsr. Normai manufaduring 

'yielda tf^tragonal crystals. The unit roll dimensions of 
the tetragonal crystals are a =9.36 Angstroms, b=9.38 
Angstroms, and c =6.71 Angstroms. The dimensions for 
the orthorhombic crystals are a =13.29 Angstroms, 
b-13 49 Angstroms, c =6.83 Angstroms. There are two 
molecules per cell in the tetragonal form and four 
molocuiss psf call in Ifis orthorbomtiic Ibnn. Tha iiUsf* 
atomic distances have been determined as 1.50 
Angstroms for the C-C bonds, 1 .37 Angstroms for the 
C-0 bonds, l .36 Angstroms for 0-N bonds, and 1 .27 
Angstroms for N-0 bonds. P£TN malts at 141 .3°C. The 
tDoiling point is IBOX under a pressure of 2 torr; ^W0 
under a pressure of 50 torr. Under atmospheric pres- 
suns at temparaturas at)ove 210^, PETN dacomposas 
rapidly and in sorne cases detonates The vapor pres- 
sure of soM PETN can be found by the empirical equa- 
tion: 

log p= 16.73 -77SWr 



wtiara C is In units of calories per gram per dagrao 
oandgrade. The heat of combustion is 6 1 8 . 7 ki locakNfas 

per mole ar>d the heat of formation 18-110.34 
kilocalones per rrrale. Table 8-4 lists the pactting density 
as a function of loading pn oiiu ia. 
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R9m9'9. Struemralfomul&afKnt. 



wherep is the vapor pressure in millimeters of mercury 
and T to in degrees Kalvin. The vapor prassura of liquid 
PETN can b» datonmnad by the relallonship: 

log p = 14.44 - 6352/7 

The standard heat of formation of PETN is given 
as - 128.7 Iciiocalories per mole. The heat of detonation 
is 1.65 Itilocalorias per gram for liquid water and 1.51 
kilocalories per gram for gaseous water. The specific 
heat is given by the equation 0 239 4 0 0087 for T in the 
range of 32''C to 1 27°C. Two equations are given for the 
specific heat of PETN as a function of tamparature: 

C*0.257 + (5.21 xio *)rfor rs 140^2 
and C-0.2a9+(8.0x10 «)r 

for32^ <7'<1Z7^ 



TaMa 8*4. Packing Dan^ 



Prassura kiksgrams 
per K|uar« c*nlim«lar 


Density grams per 
cubic centimeter 


351 


1.575 


703 


1.638 


1.406 


1.710 


2.100 


1.72S 


2312 


1.740 



PETN crystals have a scratch hardness of slightly less 
than 2 on the Mohs scale. PETN is practically insdutjie 
in waiar: «t 2S% and 68*0 the aelubHty Is only 0.0043 

and 0 018 grams per 100 grams of water respectively 
Table 8-5 lists tfie solut>ility of PETN m acetone-water 
murtufoa. 
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TaM» 8-5. SolubiHty of PETN In Acetone Water Mixtures 



Amoirt of PETN, ilk pWMi 
dtosolved knioo anma 
of sotvwit 








1 80% 


1 m, 




Temperature of aotution. *C 


4 

1 


41 










n 
« 


S2 










9 K 




24 5 








A 


62 










D 




41.5 


99 


• 


* 


1A 




54.5 


355 


15 


10 


IS 




62 


48 


24.5 


20.5 


17 A 




65 


« 


* 




On 






54 


34.5 


29 








59 


41.5 


34 


«9U 






63 


46.5 


40.5 


35 








5t.5 


45 


40 








55 


50 


45 








58.5 


54 


50 






■ 


61.5 


57.5 


55 










60.5 


60 






• 




62.5 



PETN fonns eutedte nrixturia wNh a iwmbsr of com* 
pounds w shown In tiblo 8^. 

Table 6-6. PETN Eutectics 



OofflpOflMon 


MsKIng 
point CC) 


1.5 percent PETN with 96.5 percent 


12.3 


nitfoohfoonn 




20 percent PETN wKh 80 porcont 


82.4 


m-dinitrobenzene 




10 percent PETN with 90 percent 


67.3 


2,4-dMliotolMno 




13 percent PETN with 87 poroont 


78.1 


trinitrotoluene 




30 poraent PETN with 70 poreont tetryl 


111.3 


20 percent PETN with 80 poicant 


101.3 


mannilollwxanitFato 





(2) PETN is decomposed much more slowly t>y 
a boiling 2.5 pereent aolution of sodium hydroxide than 

nitrocellulose Several hours are required for complete 
decomposition. At 50°C a solution of sodium sulfide 
decomposes PETN slowly, but decompmition pro* 
ceeds rapidly in a boiling solution of ferrous chtoride. 
PETN does not reduce Fehling's solution «vpn on boil- 
ing. Hydrolysis of PETN tai<es place in water about 



100%: at 128*0 undar prsssurs lha rsaetion piooaads 

quite quickly. Addition of 0.1 percent irilric add 
enhances the hydrotysis The main product of hydrol- 
ysis is pentaerythntol dimtrate. At temperatures up to 
about SVC, dry PETN doas not react wHh ooppar. 
brass, aluminum, magnesium magnes:um afummum 
alloys, stainless steel, mild steel, miid steel coated with 
acid-proof t> l ack paint, and mild steel platedwilh copper, 
cadmium, nickel or zinc. Wet PETN does not react with 
stainless steel, and afuminum is affected only slightly 
after tong periods oi storage. However copper, brass, 
magnesium, magnasium-alumlnum aNoys. mHd steal, 
mild stoc' coated with acid-proof black paint, and mild 
Steel plated with cadmium, copper, nickel or zinc are 
alfsctad. PETN is used In the explosive core of industrial 
detonating fuses, in the charge of commercial blasting 
caps, and as the entire explosive charge in exploding 
IxWge wire detonators. PETN is also used in certain 
plastic bound axploslvas and in a mixture widi TNT 
calted pentolite. 

(3) Whife PETN can be manufactured by treat- 
ing pentaerythntol with nitric ackj and adding concen* 
iraiad sulfuitc acid to compls t a tha sapaialion of tha 
PETN. manufacture in tha Unitad States has baa 
nitric acid akjne: 

C(CH2OH)4+4HNO3-^C(CH2NOs)4+4fl20 
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This is accomplished by adding approximately 75 

pounds of pentaerythritol to 350 pounds of 98 percent 
nitric add in a nitrator, and stirring and cooking the acid 
oontinuously. The pentaeryllirHol is added ala rate that, 
with an initial acid temperature of 1 8°C. the temperature 
increases to and is maintained at 22° to 23''C. Stirring 
and cooling are continued for 20 minutes after addition 
of the pentaerythiftol is complete. The add solution then 
is added, with agitation, to about 850 pounds of cold 
water in a drowning tank. The precipitated PETN is 
caught on a glass-dolh fiNer and washed with water. 
The precipitate is then mixed with 1 .300 gallons of cold 
water containing 2 pounds of sodium cart)onate and 
separated from the slurry by refiltering. After being 
washed again with water, the PETN is dissolved in 440 
pounds of 98 percent acetone heated to SO'C and con- 
taining 14 ounces of ammonium bicartx>nate. The solu- 
tion is filtered and the PETN precipitated by the addition 
of cold water to the acetone solution. The precipitated 
solid is caught on a filter and washed with water to 
remove acetone. The water wet material is considered 
the final product. Drying is done at the point of use. The 
yield of PETN by this ornrc'^s is approximately 93 per- 
cent of the theoretical. The spent acid resulting from the 
drowning operation contains approximately 20 percent 
nitric acid. This is recovered and concentrated The 
mother liquor, resulting from the precipitation of PETN. 
contains approximately 25 percent acetone, which also 
is recovered. The purity of PETN produced by this pro* 
cess depends upon that of the pentaerythritol nitrated. 
Ordinarily, the pentaerythntol used for nitration contains 
2 or 3 percent of dipemaerythritol and a small amount of 
tripentaeiythritol: 



(HOHaOaC.CHaO CH2 C(CH?0H)3 and 
(HOHaC)3C.CHaO.CHaC(CHaOH)j CHjO 

CH2C(CH20H)j. 

PETN produced on a large scale contains correspond- 
ing amounts of the hexanitrale and octanHrala of Hieea 

compounds, respectively. 

(4) One grade of PETN is used for military pur- 
poses and Mt compia e wHh the foNowing require- 
ments: 

Color: White or light buff. 

Moisture^: Minimum. 40 percent. 

Melting point: 14r±rc 

Nitrogen content: Minimum, 17.50 percent 

Acetone insoluble^: Maxlmtjm, 0.10 percent 

Insoluble particles^: None 

Acidity or alkalinity^: Maximum, 0 01 percent 

120°C vacuum stability test: Maximum, 5 milliliters of 

gas from 2.3 grams in 20 hours. 

Granulation: 

Thiwgh siaw« No. Claw A Clin 8 QmC CImsO 



30 


Minimum 




• 


95 


100 


80 


Minimum 


100 








100 


Maximum 








20 


100 


Minimum 


85 


96 




5 


140 


Maximum 


55 




« 


* 


200 


Maximum 


30 


80 


30 


* 


200 


Minimum 




65 






'Not 


appiicaiii* ID dii 


kCPETNi 


iMdIno 







penioiite. 

*N« appMcaUe 10 dtM C PEFN. 
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Class A PETN is used in detonating fuses and boosters: 
class 6 IS used m pnmmg compositions; class C is used 
in the mamitaclure of pentolite: and class D is used in 
blasting caps and detonators Pure PETN has a nitro- 
gen content of 17.72 percent and a melting point of 
141 .3^. The military grade is approximately 99 percent 
pure. The insoluble particles requirement is important 
t)ecause of the sensitivity of PETN and the known effect 
of gntty matenal in increasing sensitivity. The acidity or 
aMudiiMy requirement is important sinoetlie preeenoe of 
as little as 0.01 percent of either has been found to 
accelerate the deterioration of PETN markedly. The 
granulation requirements are tfiose found opUmum for 
specific uses of PETN. 

(5) PETN is not as sensitive to impact as nitro- 
glycenn or nitrocellulose, but is slightly more sensitive 
than RDX and distinctly more so ttian tetryl. Experi- 
ments using a five kilogram weight dropped one meter 
onto a 1 5 milligram sample of polycrystallin PETN show 
the physical changes that occur before initiation. The 
layer of PETN compresses to about 0. 1 millimeter thick. 
After about 10 microseconds, lateral spreading stops 
and jetting occurs at 1 50 meters per second. The initially 
opaque layer of PETN t)ecomes gradually translucent in 
an additional 10 to 15 microseconds and completely 
transparent in 15 to 20 microseconds The transparency 
and rapid mobility of the PETN is associated with sur^ 
facefusion and then melting of the mtire sample. About 
25 microseconds after the lateraf spreading has 
Stopped, the jetting velocity has increased to 300 meters 
per second and five microseconds after that several hot 
spots develop simultaneously. The exact mechanism of 
how the hot spots form is controversial and no generally 
satisfactory explanation has been put forward. The hot 
Spots are points where deflagration has started. Initially, 
the deflagration proceeds at several tenths of a meter 
per second. The products of gaseous combustion raise 
the pressure of the reaction region and accelerate the 
rate of deflagration. At the same time, the products of 
hot combustion penetrate into unreacted regions to pro- 
duce new ignition sites and a further pressure increase, 
accelerating deflagration even more. At tboM 5 to 15 
millimeters from the point of initiation, the velocity of the 
flame front has increased to several hundred meters per 
second. The flame front drives acompression wave into 
the unreacted material When this compression wave 
attains a velocity of about 700 to 800 meters per second, 
there is a sharp irrcrease in the propagation velocity to 
about 1 000 meters per second. Depending on the con- 
dition of the explosive this low velocity detonation can 
propagate over considerable distances or can go over 
into a normal detonation whose propagation velocity is 
determined by the density and dimensions of the PETN 
layer. One condition that can cause acceieration of the 



detonation velocity to normal is going from a region of 90 
percent crystal density to one of 80 percent crystal den- 
sity. InMalion by friction and elecMcal spark pro c e e d s 
like initiation by impact after the formation of the hot 
spots The maximum nonignition spark voltage and 
nonignition energy for PETN with a particle size of 2.6 
microns is 12000 volts and 0.036 joules, respectively, at 
500 micro farads cnpaci'ance and a spark gap of 0.005 
inches. The energy required to detonate PETN 50 per- 
cent of the tkne is 0.19 and 0.36 joules for brass elee> 
trodes with lead foil coatings of 3 and 10 mils, respec- 
tively. For a steel electrode, the energy required is 0.1 
and 0.41 joules with lead foil coatings of 1 and 10 mils, 
raspedivsly. The physical condttton of Ifie exptoslve 
appears to have some influence on the amount of 
energy required for initiation. The discharge energy 
required increases with PETN parttele size, packing 
density, water content, circuit inductance, and a 
decrease in ambient temperature. PETN is not particu- 
larly sensitive to electrostatic spark. The electrostatic 
sensitivity parameters should not be confused with the 
initiation of PETN by an exploding bridge The exploding 
bridge is a wire through which a large current is passed, 
cmising the wire to burst. There is an optimum length fbr 
each wire material and a minimum critical volume of 
explosive that must be detonated to cause initiation. 
Other factors that enhance the ability of the bridge to 
detonate PETN are: high power input to increase tem- 
perature and pressure, a sustained electrical energy 
input just after the wire bursts to provide simultaneous 
electrical and chemical energy contributions during the 
critical growth to detonation period, and use of wire 
materials with low boiling points and heats of vaporiza- 
tion for greater heat transfer. Attempts to initiate PETN 
by normal light have been generally unsuoosssful 
although a few instances of some deflagration have 
occurred with very intense light. Lasers can be used to 
initiate PETN. The energy required for inifialion 
increases with increased packing density. PETN five 
millimeters thick with a density of one gram per cubic 
centimeter can be detonated by a neodymium glass 
laser with an output at 10600 Angstroms when the beam 

is focused to produce a power den^i'y in exress of 0 08 
megawatts per square millimeter. The delay in produc- 
ing a steady detonation under these conditions is 1 .5 to 
2 0 microseconds. The delay can be reduced to under 
0.5 microseconds if the PETN is coated with a 1000 
Angstrom thick layer of aluminum which has been 
deposited on the sample, and the laser radiation is from 
0 5 to 4 2 joules for 25 nanoseconds. Initiation appears 
to be a thermal process. The laser energy is absortied 
rapMly in a IMn layer of explosive wftich produces a 
shock wave that causes the initlatk>n of the enlira 
sample. 
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(6) Gap tests indicate tho shock sensitivity of particle size IncreaSM. Gap test resullS are shown in 
PETN increases as packing density increases and as table 8*8. 



TabteS'B. Gap T9$t Results hr PETN 





Density 


VOfdB 


Stnsiiivity in 

HllWlWBlOW 


NSWC smaN scale gap test 


1J75 


0.3 


6.03 




1.576 


11.5 


14.38 




1.355 


27.9 


13.58 


LANL smaN scale gap test 


1.757 


0.7 


5.21 




(pressed) 






LANL large scale gap test 


0.81 (raw) 


54.2 


69.4 



Increasing the pres^re of an inert gas such as carbon 
dioxide, nitrogen, or a nobel gas in the interstices of a 
PETN pressing decreases shock sensitivity. Increasing 
the pressure of oxygen increases shock aensMvtty. In 
cast PETN and PETN that has been pressed to 90 
percent of the crystal density, substantial reactions taKe 
place wen behind the shook front thai antars the charge 
and proceeds through the axploslva. Stable detonation 
occurs when the compression waves produced by this 
reaction catch up with the initial shock front. PETN is 
lass sensitive to frfctton than RDX and more sensitive 
than n troq'ycerin, as judged by the pendulum friction 
test. Explosion temperature test values indicate PETN 
to be as sensitive to heat as nitroglycerin or nitrocel- 
lulose. However, the minimum temperature required for 
the explosion of PETN, 215°C. is greater than that 
required for the explosion of nitroglycerin, 210^0. and 
nitrooelkjiose. 17S*C. PETN is more sensitive to Initia- 
tion than nitrocellulose, RDX. or tetryl, as judged by the 
sand test. This is shown, also, by the fact that PETN with 
35 percent of water present can be detonated by a No. 6 
aiactric blasting cap, whereas RDX fails to explode if 
more than 14 percent of water is present. PETN is one of 
the most sensitive of the standardized military explo- 
sives. 

(7) As measursd by the sand test. PETN is 
between 129 and 141 percent as bnsant as TNT Plate 
dent tests indicate PETN is 127 percent as brisant as 
TNT and the lead btock compresston test indicates a 
brisance of between 130 and 137 percent of TNT. Table 



8-9 lists the detonation velocity of PETN at various 
packing densities determined experimentally with the 
confinement indicated. 











Density 


^ — ^— — — — - 

PotOnlUlOn 

velocity 


Density 


DMonsMon 

velocity 


(g'cc) 


(m/sec) 


(9'cc) 


(nVsac) 


1.773 


8.300' 


1.27 


6.660+ 


1.765 


8,280t 


1.26 


6.760+ 


1.765 


8.240* 


1.09 


5,830t 


1 763 


8.270* 


0.55 


3,850* 


1.762 


8,250- 


0.436 


3.400* 


1.762 


8,260* 


0.241 


2.810* 


1.51 


7.440t 


0,201 


2,730* 


1.51 


7.490t 


0.185 


2.670* 



I 



'Unconflned rata Slick j 
tCyKndar test j 

The following equations, whteh are in agreement with ' 

the data in the table, specify the detonatk^n velocity m 
kilometers per second as a function of density.p, tor the 
range indicated. 

D=2 14 ' 2 84p p < 0.37 

D =3.19 +3.7(p -0.37) 0.37 < p < 1.65 

D = 7.92 +3.05(p - 1 .65) p > 1 .65 



I 
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The diameter of 3 pctn charge has Itttle effect on the 
velocity of detonation. The charge diameter tMlow 
whleh no delorMtian can take place (the crMcal dtame- 
tar) is only 0.9 millimeters for PETN at a density of one 
gram per cubic centimeter with 0 0? 5 to 0.1 millimeter 
particles. The cnticai diameter becomes smalter as the 



density of the charge is increased. Since confinement 
effects parallel the diameter effects, the detonation 
velocity of PETN to not greatly affected t)y confinement 

for any particular charge size. This is also indicated by 
table 8-9 Detonation, or Chapman-Jouguet. pressure is 
shown as a function of packing density in table 8-10. 



Tabte 8-10. PETN Detonation Pressures Versus Density 



per cubic 


Diametar x length 

Centimeters (Inches) 

Shoe* Electric Effect Meas.i'cmen's 


pressure 

(kbar) 


t.764 


5 X 1.3 (2 X 0.5) 


338 


1.763 


2.5 X 1.3 (1 X 0.5) 


333 


1.763 


2.5 X 2.5 (1 1) 


340 


1.763 


5 X 1.3 (2 X 0.5) 


336 


1.783 


5 X 2.5 (2 X 1) 


340 


1.762 


5 X 2.5 (2 X 1) 


339 


1.758 


2.5 X 2.5 (1 X 1) 


333 


1.71 


2.5 X 2.5 (1 X 1) 


309 


1.70 


2.5 X 2-5 (1 X 1) 


307 


1.69 


2.5 X 2 5 (1 X 1) 


304 


1.60 


2.5 X 2.5 (1 X 1) 


266 


1.59 


2.5 X 25 (1 X 1) 


259 


1.53 


2.5 > 2.5 (1x1) 


225 


1.46 


2.5 x 2.5 (1 X 1) 


198 


1.45 


2.5 X 2.5 (1 X 1) 


206 


1.44 


2 5 X 2.5 (1 X 1) 


199 


1.38 


2.5 X 2.5 (1 X 1) 


173 


1.23 


2.5 X 2.5 (1 X 1) 


138 


0.99 


2.5 X 1.3(1 X 0.5) 


87 


0.95 


2 5 X 1 3 f1 X 0 5) 


85 


0.93 


2.5 X 2.5 (1 X 1) 


77 


0.93 


2.5 X 3.8 (1 X 1.5) 


72 


0.89 


2.5 X 2.5 (1 X 1) 


71 


0.88 


2.5 X 2.5 (1 X 1) 


68 




Optical (Smear Camera) Measurements 




0.48 


3.8 X 2.5 (1.5 X 1) 


24 


0,30 


3.8 X 1.3 (1 5 X 0.5) 


24 


0.29 


3.8 X 2.5 (1.5 X 1) 


15 


0.27 


3.8 X 1.3 (1.5 X 0.5) 


5 




Quartz Crystal Measurements 




0.25 


4 5 X 2.5 (1.75 X 1) 


8 


0.25 


4.5 X 2.5 (1.75 X 1) 


7 


0.25 


4.5x3.8(1.75 X 1.5) 


8 
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Vm MffiflUc mortar tasllndicates PETN is 137 to 145 

percent as powe'^u! as TNT The Trauzl test indicates 
PETN Is 161 to 1 89 percent as powertul as TNT. PETN 
i^rankMl wWi ROX aridriHroglyoorinasllw rnostpotorit 
«jf mirttary explosives. 

(8) The products obtained upon detonation of 
PETN depend on ttie density of the explosive. The four 
SQ UB l l on s iitsd In w jbpBr>gr8ptw (a) throtiQh (d) stb 

valid at the density given The subscript s refers 1o soot 
The soot IS produced in the Chapman- Jouguet region by 
the reactions: 

CO + H2 — ' Cs^HaO 
2C0 C+CO2 

(a) For PETN with derail of 1.77 grams par 
cubic oentlmator: 

CbHiN40» 3.05CQf+O.O96CO+ 

0.98Ci+4.00H2O+2N2 + 
477.4 Kcal/mole 

(b) For PETN wNh density of 1.67 grains par 
cubic centimaiar: 

0.88C.+4 00H2O + 2N2^ 

474.2 kcal/mole 

For PETN iMtthdansily of 1.2 grams psr 
cubic osnHmalar: 

CsHiNiOia— » 3.04CQS-I-1.96CO+ 

3.9eH2O+0.025H2 + 2N2 + 

436.3 kcal/mote 

(d) For PETN with density of 1.0 grams par 
cubic cantlmalw: 

C»H»N40it 3.04CO?+1.9eCO+ 

3.94M:0 0 O5OH2 + 1 99N2 + 
0.02NO +436.3 kcal/mole 

and minor amounts of NH», H, OH and CH«. 

(9) Vacuum stability tests at 100° and 120*C 
show PETN to t>e more stable than nitrocellulose or 
nitroglycerin at elevated temperatures but distinctly less 
stable than ROX, telryl. or TNT. PETN Is quite stable at 
100°C anri cnn withstand heating at this temperature for 
100 hours without signiftoant deterioration. In the LLNL 
rsaclivlty last 0.10 to 0.14 cubic osnHnwIsfs of gas ara 
evolved par .2Sgram8 of sample. Figura8-I0showsthe 



psfcsntaga of PETN decomposition as a function of 
timeandtamperature for temperatures over 1 40°C The 
curves wsra obtained by heating a sample to the indi- 
cated temperaluralbr the indtealsd time then analyzing 

the remaining PETN The following six reactions, which 
take place simultaneous, show the mechanism of 
thsfmai decomposition: 

1 RCH20N02 — RCH20iN02 

2 NO2 + RCH2O — RCHrON02 

3 RCH2O — - intermediate decomposition 

products (IDP) such as H2OO 

4 IDP+NQ» — NO+NaO+Nt+CO+COa+HaO 

5 RCH. 0NO2 + H2O ^^^^^ nCH20H+H0N0 

6 HaO+3N02 — ► 2HN0a+N0 

PETN is shown as RCH20N02. Storage at 65°C for 20 
months does not cause Instability or undue acidity; and 
after 24 months only slightly excessive acidity 
devetopes. Figure8-11 shows the DTAcunw and ligura 

8 12 shows the TGA curve for PETN. When 0.01 per- 
cent of free acid or alkali is present, storage for only 15 
months at 65'*C results in rapid acceleration of the raiecf 
deoompoeitkm. Since ROX, tei v and TNT are even 

more resistant to storage at 65°C. PETN is not as suita* 
ble for storage and use under tropical conditions. 

g. Triethylene Glycoldinitrate (TEGN). 

(1) This expk>sive IS also referred to as 
TEGDN, The compound (figure 8-13) is a light yelk)w, 
oily liquid with a nitrogen content of 11.67 percent, a 
tnolecular weight of 240.20, and an oxygen balance to 
CO2 of -66.6 percent. The melting point of the scHid 
l8-19*C. Other characteristics of the ikiukt are: ieliai>> 
five index, 1.4540; viscosity at 20''C. 13,2 centipoises; 
vapor pressure at 25''C. less than 0.001 torr: volatility at 
60^, 40 milligrams per square centimeter per hour; and 
dsnsity, 1.3 3 ^ g r ams per cubic centimeter. At constant 
pressure, TEGN s heat of combustion is 3428 calories 
per gram, heat of explosion is 725 kllocalories per kito- 
gram, and heat of fornnthKi is -603.7 kiiocalories per 
kilogram TEGN is very soluble in acetone, ether, and a 
solution of 2 parts ether and 1 part ethanol. TEGN is 
soiubie in cartwn disulfide and sk>wly solut)le in water. 
The primary use of TEGN is as a gelatinizing agent for 
nitrocellulose In propeliants. but TEGN can also be used 
as a component in a Ikjuid explosive, a piasticizer in the 
tabricatlon of flexible expkMive sheets, and as a pias- 
ilcizar in pytrotachnic flares. 
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Figure 8- 1 1. DTA eurw tor PETN. 
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Ftgun 0'f 3. Stnicftira/ formula for TECMV. 



(2) TEGN is prepared by the nitration of tri- 
ethylene glycol. The laboratory procedure for the pro- 
duction of TEGN is given here. The actual manufactur- 
ing pracMUm toby tfw BiKzi praeess, dtoeueMd under 
nitroglycerin. The triethytene glycol is purified by frac- 
tional distillation under veuiuum in an 18 Inch Vigeaux 
fradlorailing column. Th« assembly as a whole to 
equivalent to 4.5 theoretical plates. The distillation is 
conducted usir>g a 5 to 1 reflux ratio at a pot tempera- 
ture of approximately 180'C and a lake-otf temperalure 
of approximately 120^. The purHied triethylene glycol 
is carefully stirred into a mixed acid that consists of 65 
percent nitric acid. 30 percent sulfuric acid, and 5 per* 
cent water that is maMalned at 0±S*C. The mixtuie is 
stirred and held at 0 :!:5°C for 30 additional minutes and 
then drowned by pouring over a large quantity of ice. 
The TEGN IS extracted three times with ether and the 
oovnbined extract to water washed until the pH to alxxit 
four, then shaken wKh an excess solution of sodium 



bicarbonate, and further washed with a 1 percent 
sodium bicartjonate solution until the washings are col- 
orless. The ether solution is then water washed until the 
pH Is seven. The solution to thsn caifefUlly separated 

Itom tlie excess water, treated with chemically pure 
ealdum chloride to remove the dissolved water, and 
fMered. The ether to removed by bubbling with (fry air. 
The yield is 1 .34 grams of TEGN per gram of triethylene 
glycol, 84 percent of theoretical. The nitrogen content of 
different batches can vary from 1 1 .60 to 1 1 .69 percent 
wNh 1 1 .67 percent the calcutated value. A modlflcalion 
that allows continuou;; rather than batch nitration is to 
dissolve the triethylene glycol and mixed acid sepa- 
rately in dichloromonolluoromethane. CHFCb or freon 
21 , and then mix the two solutions. A sufficient quantity 
of CHTCI- must be used to maintain the temperature at 
ll'C and to ensure a sale degree of dilution of the 
solution. The dispersant is evaporated and the TEQN to 
recovered. The yield of thto pn)cess to 74 peicent 
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(3) TE G N is unaffected inthependuiumfriction 
test with the metal and fiber shoe. The Bureau of Mines 
bnpacl tett indlcales a sensltivfly of over 1 00 centime- 
teisandttiePicatinny Arsenal impact test indicates 109 
centimeters The five SMond ttxplofiton temperature 
test value is 225°C. 

(4) The 1 00°C heat test, with losses of 1 .8 per- 
cent and 1 .6 percent for the first and second 48 hour 
periods respectively, indicates TEGN is much more 
stable than nitroglycerin but considerably less stable 
than aN other 8tandaid explosfvM. ftooKplosions occur 
in the 100 hour observation period The vacuum stability 
test results, 45 milliliters of gas in 40 hours at 1 00°C and 
0.80 to 0.99 millilrters of gas in eight hours at 120°C, 
indicate that TEGN is more stable than PETN, slightly 

1 stable than RDX, and much less stable than TNT. 



(5) TEGN is insensitive to detonation . No deto- 
nation occurs in samples placed in relatively light steet 
tubing wNh a diamaler of 3.175 conHinolora at a donoily 

of 1 33 grams per cubic centimeter. When heavily con- 
fined, the detonation velocity is less than 2,000 meters 
per second, or 30 percent of TNT. The 200 gram sand 
teat indicaiaa a brisance of 30.6 percent of TNT, with 
1 4.7 grama of aand cruahad. TEQN'a daflagralion point 
is 195*0. 

(6) TEGN is extremely toxic and should be 
conaidarad a poiant poison whan abaofbad tfirough the 

skin or ingested. Tests wrth rabbits indicate 21 mif- 
limoles per kilogram of body we»ght causes death in two 
to three waaka whan abaorbad thra«^ the sMn. A laval 
of intraperitonal exposure of 995 milligrams per kilo- 
gram of body weight causes death wfthin 24 hours to 50 
percent of the rats treated. TEGN, when selectively 
applad, can alao inhibit the nerve funcUone In rata, 
h. 1,1,1' Trtm6th/k)MhanB Trimtnte (TMETN}. 

(1) This explosive is also known as metriol 
trinitrate and is sometimes referred to as MTN. The 
compound (figure 8-14) is a slightly turbid, viscous oil 
with a nitrogen content of 1 6.41 peroMit and a molecular 
vmight of 255 1 5 TMETN has a melting point of S'C 
and an apparent boiling point of 1 82*C. iMit this ts merely 
me lernfieraiure ai wmcn oeconipoeiuon oeoomea vig- 
orous enough to resemble boiling. Other properties of 
the liquid are a density of i .47 grams per cubic cen- 
timeter at 22°C and a refractive index of 1 .4752 at 25°C. 
TMETN is practically insoluble in water. Ljaaa than 0.01 5 
grams dissolved per 100 grams of water a\ uo to 60°C. 
TMETN is soluble in alcohol and many other organic 
aofvanta. At 60^ TMETtira voWlity Is 24 mMgrama per 
square cer ti meter. The heat of formation is 422 calories 
per gram at constant volume and 446 calories per gram 
at constant pressure. The heat of combustion is 2,642 



calories per gram at constant volume with the water 
being liquid. In an acid bath, TMETN is hydrolyzad to the 
extent of 0.018 percent in 10 days at 22^ and 0.116 
percent in 5 days at 60°C. TMETN can be used as a 
flash and errosion reducing additive in propetlants and 
an ingredient of commercial explosives. TMETN aione 
does not gelatinize nitrooelluloee unlaaa tfw tempeia- 
turo is raised to 100°C, which wo uidt>e dangerous. But if 
mixed with only 6 percent of rrtethol triacetate, gelatini- 
zation taltea ptaoe at 80*C. When TMETN is ntixed wMh 
nitraglyeerin. the mechanical properties of double-baaa 
cast propellants are improved. Comt>inations with 
triethylene glycol dinitrate are i»ed as plastidzers for 
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ngun fhU. Suvduni formula for TMETN, 

(2) One method for the manufacture of TMETN 
IS to teed 60 kilograms ot finely powdered metriol into a 
mtrator provided With oooBngco<ls and an agitator. The 

nitrator contains 1 76 kilograms of mixed acid that COO* 
sists of 65 percent nitric add and 35 percent sulfuric 
add. The ni t r a tion t i me la about 20 niinute8at20*C after 
which the contents of the nitrator are allowed to set for 
1 5 minutes The TMETtM separates from the spent acid 
and IS decanted and then washed at 40^C with an aque- 
ous aolMlon of aoda and then with water. The yield is 
almost 100 kilograms of TMETN With a nNfOQ^n content 
of 16.32 to 16.36 percent. 

(3) The Bureau of Mirm impact apparatus 
Indicstes TMETN is as aaosilive aa nHrogiyoerin. wHh a 
drop height of four centimeters for a two kilogram 
weight. The ^e second exploaion tempwature test 
value is 23S'C and TMETN detonatea wNh both the 
metal and fiber shoe in the pendulum friction test. 

{41 TMETN is 91 percent as brisanf as TNT with 
43.7 grams of sand crushed in the sand test. The Trauzl 
test and ballastic mortar test indk»te TMETN to be 140 
percent and 136 peroant, rsspecHvely, as powsfful as 
TNT. 
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(5) The stability of TMETN is not very satistao- 
lory as indicated by the vacuum stability and heat tests. 
In the locrc heat test, a 2.5 percent wei0ht loss is 
feported in the first 46 hours and 1.8 poroent in llie 

second 48 hours. No explos ons occur in the first 100 
hours. In the 100''C vacuum stability test, 1.9 cutNc 
centimeters of gas are evolved in the first 40 hours. At 
2S*C TMETN l8 hygroscopic to the extent of 0.07 pv- 
cent with 90 percent relative humidity and 0.14 p«feent 
at 100 percent relative humidity. 

8-3. Nltramines. Compounds in this class are pna* 
pared by N-type nitration in which a nitro group is 
attached to a nitrogen atom of the compound being 
nitrated. 

a. Cyclotetramethylenetetranitramine (HMX) 
(1) HMX IS also known as: octahydro- 1,3,5,7- 
tetranitro- 1 ,3,5,7-tetra20Cine: 1 .3.5.7-letf anitro- 
1.3.S.7-t«trazacyclcoclane: cydotetramethylene tet- 
ranitramine: or oclogen HMX (figure 8 15^ a white, 
ciystalline solid with a nitrogen content of 37 84 percent, 
alheoratical maximuni density of 1 .905 grams per eidsic 
centifnater. a nominal density of 1 .89 grams per cubic 
centimeter, a melting point of 285°C, and a molecular 
weight oi 296. 1 7. There are four polymorphs of HMX: an 
alpha, beta, gamnw. and delta form. Eadi polymorph 
has a range of stability and there are differences among 
them in physical properties such as density, solubility, 
arKl rafractwa indm. The most common polymorph Is 
the be\a form. The term HMX without an alpha, gamma 
or delta qualifier refers to the beta form throughout the 
rest of this text. The crystailine structure ot beta HMX is 
monocNnic with a densHy of 1.909 grams per cubio 
centimeter. The unit cell dimensions are a =6.54 
Angstroms. 6"= 1 1.05 Angstroms, and 0^^8.70 
Angstroms. Beta HMX is stable to about 102*C to 
104.S*C.when the crystalline structure is converted to 
the alpha form The crystals of thp alpha form are ortho- 
rhombic with a density of 1 .82 grams per cubic cen- 
timeter. The unit ceH dimensions are a- 15. 14 
Ar>gstroms. b = 23 89 Angstroms, c - 5 91 Angstroms At 
approximately 160'C to 164°C the meta stable gamma 
fofm exisls. The crystals of the gamma form are mono* 
cKnie with a density of 1 .76 grams per cubic centimeter. 
The unit cell dimensions are a 10 95 Angstroms. 
b = 7.93 Angstroms, and c = 14.61 Angstroms. Above the 
1 00*C to 1 64*C range to tlie melting point. Hie delta form 
exists. The crystals of the delta form are hexagonal with 
a density ot 1 .80 grams per cubic centimeter. The unit 
oeR dimensions are a*7.7l Angstroms and b =32.55 
Angstroms. The polymorphs may also be prepared by 
precipitation from solution under various condrtions. 
The beta form is precipitated from a solution of HMX in 



acetic arid .icpionc nitric acid, or nitrometrane with 
very slow cooling. The alpha form is precipitated from 
the same solution with more rapid coofing and the 
gamma form is prec^)itated with even more rapid cool- 
ing The delta form is crystallized from solution such as 
acetic acid or betachloroethyl phosphate, in which HMX 
Is only sRgMly soluble. Very rapid chilling of the solution 
is required. This is usually accomplished by pouring 
small quantities ot the solution over ice. Military grade 
HMX consista only of the beta polymorph. HMX ^ Insol- 
uble in water, but is soluble in the solvents lisied In table 
8-1 1 to the degree shown. 
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Table B-M. Solubility of HMX 



SolvenI 


Grams o1 

HMX dissolved 
p«r lOOgrflfiis 
ofaoMion 


Temperalur* 

•c 


Dimethylfomnamlde 


4.4 


25 


Nitrobenzene 


0.129 


25 


1,2-Dichlorethane 


0.125 


70 


Acetic add 


0.0975 


25 


Acetone 


0.96 


25 


Acetonitrile 


1.98 


25 


Cyclohexanone 


2.11 


25 


Ethylacetate 


0.02 


25 


Ethylbromide 


0.02 


25 


Methylethylketone 


0.46 


25 


NHvoettiane 


0.172 


25 


Nitromethane 


0.778 


25 


Triethylphosphate 


1.75 


25 



Table 8-12 lists the solubility of HMX by volume far 
various soivents. 
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Table 8- 12. Solubility of HMX by Volume 



Solvwl 


Grams of HMX 




disMtved p«r 




100 rTMlilrtert 




ol sohjlkin 


Gamma-butyrolactons 


21 0 


Cyclopentanone 


1.3 


Cyelohoxanone 


5^ 


Acetone 


2^ 


Acetonitrile 


2.0 


Nitromethane 


1.1 


Nitroethane 


0.03 


Methylisobutylfcefone 


1.8 



HMX will also dissolve to the extent of 0.003 gramSt 

0 002 grams, and 0.144 grams in 100 mjlliiiters oi 
chloroform, carbon tetrachloride, and dioxane, respec- 
tively. Carbon disulfide will not dissolve HMX. Table 
8>13 lata apeclflc heat values tor HMX at varioua tam- 
peraturaa. 

r«Ma8-l3. SpedOcHwtofHMX 





CaloriMpw 






•c 






0.153 


0 


0.228 


25 


0.248 


SO 


0.266 


75 


0.282 


85 


0.288 


90 


0.290 


100 


0.295 


125 


0.307 


150 


0.315 



HMX has a hardness of 2.3 on the Moh's scale, a heat of 
combustion of 660.7 to 667.4 kiiocalories per mole, a 
heat of formation of 1 1 .3 to 1 7.93 kiiocalories per mole, 
a heat of detonation of 1 .62 kHocalories per gram with 
liquid water and 7 48 kiiocalories per gram with gaseous 
water. The vapor pressure of HMX in torr is given by the 
following equations for the tempeialurB ranges indi- 



logp = 16.18-9154/T(K) for97.6'C <T < 129.3*C 
logp-15.17-8596/r(K) for 168^ <T < 213^ 

HMX and ROX are chemically very similar except thai 
HMX Is not easily decomposed by alkaline hydroxide. 

Concentrated sulfuric acid liberates a little more than 
one third of nitric acid with HMX while with RDX a little 
more than two thirds is liberated. HMX is used as an 
explosive charge when deeensitized, as a booster 

charge in admixtures with TNT called octols. and AS an 

oxidizer in solid rocket and gun O'npellants 

(2) Two grades of HMX are used for military 
applications. Both grades consist of only the beta 
polymorph and must meet the following requirements: 



Purity, minimum: 
ROX content. 

maximum: 
Melting point, 

minimum: 
Acetone insoluble 



maximurn 
Inorganic insoluble 



maximum: 
Insoluble particles 

on US standard 

40 sieve: 

us •standard 60 

Sdive: 
Acidity 



Grade A 



Grade B 



93 percent 98 percent 

7 percent 2 percent 

277^ 277^ 

0.05 percent Q.05 percent 

0,03 percent 0.03 percent 

none none 

5 5 

0.02 percent 0.02 pefcent 



I 



I 
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(n addition the HMX must meet the following granulation 
requranients: 



Standard 
Si«v9No- 




UloSS £ 


QaM 3 


Class 4 

~8IUN8 


Class 5 


CiH*6 
PMosnt 


8 








100 






12 






99 mm 


85 min 




99 min 


35 








25 i:15 






50 


90±e 


100 


40 ±15 






90 min 


100 


50 ±10 




20 ±10 


15 max 




65 ± 15 


120 




90 min 










200 


20±6 




10 ± 10 






30± 15 


325 


8±S 


75 min 






OS mm 


16± 10 



(3) To manufacture HMX, a solution of 785 
ports glacial aoedc add. 13 parts AoeOe anhydfkle, and 

17 parts paraformafdehyde is maintained at a tempera- 
ture of 44°C ±rc. All part measurements in this dis- 
ouaaion are by weight. Tlia aolulion Is held at that tem- 
perature throughout the subsequent slaps of Ihe pro- 
cess. Two more solutions are prepared. One consists of 
1 0 1 parts hexamine and 1 65 parts acetic acid. The other 
is praparad iiy dissolving 840 parts ammonium nitrate in 
900 parts of 99 percent or strongernitric acid. Over a 15 
mrnAe period with constant stirnng, the hexamine- 
aoeOc add sdution. 180 parts of the nitric add- 
amnionium nitrate sduHon. and 320 parts acetic anhy* 
dride are added simultaneously, continuously, and 
equivalently. The mixture is aged for 15 minutes. In the 
second stage of the rsadlon. 320 parts of acetic anhy- 
drkle and 271 parts of the nitnc ac.d-amnoniu.^i nitrate 
solution are added proportionately, then 160 parts of 
aoalio anhydride are added in bulk. The mixture is 



atiowed to age for 60 minutes. Then 35Q parts hot water 
are added and tha soiMion is refluxed for 30 minutes. 
After cooling to 20''C by adding ice, the wate' 'nsQluble 
precipitate is collected and washed with three portions 
of cold water. The yield of 200 parts IHMX Is 95 pereent 
of the theoretical and the purity is higher than 90 per* 
cent. The product is alpha HMX which is converted to 
beta HMX by crystallization from boiling acetone, 
acetonilriie, or cydohexanone, using equivateni parts of 
solid and solvent The recrystallized HMX has a melting 
point of 278° to 279°C. The recrystallization process 
also removes any RDX that was formed during man> 
utacturing. 

(4) HMX has similar sensitivity 'o impa:'t and 
friction as ROX. The Bureau of Mines impact apparatus 
wHh two Idlogram weight measures 32 centimeters for a 
20 milligram sample, in the pendulum friction test, HMX 
explodes with the steel shoe but is unaffected by the 
fiber shoe. Table 8-14 shows the gap test results for 
HMX. 



TablB8'l4, Qap Teat BB9ult8 for HMX 





Oensjty 
grams per cubic 
cendmctw 


voidi 


Sensitlvrty in 


NSWC smaM scale gap test 


1.814 


4.7 


8.71 


1.517 


20.3 


11.28 


LANL small scale gap test 


1 .840 (pressed) 


3.2 


3.43 




1.790 (pressed) 


5.8 


4.27 




1.20 (coarse) 


368 


8 53 




0,7 (fine 


63 


6.45 




crystals) 






I ANL Irjrqe scair- qap test 


1 07 


43 


70 
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ttw minimum charge of lead azida raquirad for dalona- 

tion to obtain maximum brisance is 0.30 grams Explo- 
sion temperature test values are 306°C in 10 seconds. 
327°C in five seconds, and SSCC in 0. 1 second. When 
HMX is under a oompiassion of 93,082 kilopascals 
(13,500 pounds per square inch), the explosive can be 
reliably detonated try a Q-switched laser operating at 
6,943 Angstroma. As meaaurad in a dHtarantial 1har> 
malgraph analysis stucfy, the auto ignition temperature 
of HMX is 234°C. In tt^e spark sensitivity test wrtti a brass 
electrode and a sample size of 66.9 milligrams, the 
energy required for a 50 percent probability of explosk>n 
for lead foil thicknesses of 3 and 1 0 mils is 0.2 joules and 
1.03 Joules respectively. For a steel electrode, the 
anefgy rwiulrad ia 0.12 joules and 0.87 |oulaa for toed 
fbl ttiidtnaaaaa of 1 and 10 mia, reapacdvaly. 

(5) The sand test ■ncJrcatos HMX 15 125 percent 
as brisant as TNT or about 96 percent as bnsant aa 
RDX. The baNMic pendulum leal indlcalea 170 penoant 
of TNT, the ballistic mortar test indicates 150 percent, 
and the Trauzl test indicates a power of 1 59 to 1 65 
percent of TNT. The detonation veioaty of HMX at a 
dentttf of 1.89 grams par cubic o en U me t er la 9,110 
meters per second. The folioiving crilcal diameteis 
were measured for HMX: 



HMXAVax. 
percent 

90/10 
78/22 
70/30 



Oenatty 

grams per cubic 
centiineier 

1.10 
1.28 
1.42 



Critical 
diamatefs 

6.0 • (i ■ 7 0 
7.0 ■ etc 8.0 
6.0 < </« < 9.0 



The diameters are given in millimeters. A gelled aque- 
oua Blurry of 30 percent HMX will detonate Mgh order. At 

25 percent HMX concentration detonation would be 
partially propagated and at 20 percent concentration the 
detonation would not propagate. Settled slurries propa- 
gate high order detonation at and above 10 peroent 

HMX concentration. At the five percent level, the settled 
slurry will detonate about one third of the time. 

(6) The 150°C vacuum stability test indicates 
HMX ia comparable to TNT in atablNty. wHh teat valuea 
of 0 6 and 2 5 milliliters of gas evolved. The 100*0 heat 
test loss in the first 48 hours is 0.05 percent and in the 
aeoond 48 hours 0.03 percent No explosiona occur (n 
1 no hours. At 30^ and 95 percent relative humidity, 
HMX is nonhygroscopic In the LLNL reactivity lest, less 
than 0.01 cubic centimeters of gas are evolved. The 
DTA cun/e ia shown in figure 8>10 and the TGA owve ia 
shown in figure 8-17. 



b. Cycfotrimdhylenetrinitramine (RDX). 

(1) This expk>sive is also known as: 
heNahydfo-l.3.5-trfnilrD>1.3,5mta2ine: lAMrinllro- 

1 .3 5-triazacycIohexane; cyclotrimethytene Irfnl- 
tramine, hexogen; cyclontte; or 1,3,5- 
trinitrothmethylene-triamine. The compound (figure 
6-18) is a white solid wHh a density of 1.806 grams per 
cutMC centimeter a nitrogen content of 37.84 percent, 
and a molecular weight of 222. 1 3. RDX has orttrartionv- 
bic cryataia wflh a wide variety of hatilta; from needlaa 
when precipitated from HNO3, to plates when precipi- 
tated from acetic acid, to a massive form when precipi- 
tated from nitroethane or acetone. The unit cell dimen- 
aiona are a- 13.18 Angstroma. b-1 1.57 Angstroma. 
and c = 10.71 Angstroms, and there are eight moleculae 
per cell unit. On the Moh's scale RDX has a scratch 
hardnaeaof 2.5. Otherproperliesof pure RDX indudea 
specific heat as shown in table 8-15 and a heat of 
combustion al constant pressure of 2,307.2 calories per 
gram. The heat of formation value is 1- 14.71 i<.ilocaiones 

per mole. ROX has an extremely low volaini^. 



TBbto8'lS. SpedHc H9at of RDX 



Twnperature 


CalorlMp8r 


•c 


qrampBT 






20 


0.298 


40 


0.331 


60 


0.360 


68 


0.384 


100 


0.406 


120 


0.427 


140 


0.446 



Packing density as a tundion of praaaura is shown in 
table 8-16. 

raMB0-}6. RDX Packing Dentlfy 





rvoMuw 


Denstty 


Pressure 


pounds per 


grams per 


kilopascals 


square inch 


cubic cenbrnecer 


34,475 


5.000 


1 52 


68.950 


10.000 


1.60 


137,900 


20.000 


1.68 


172,375 


25.000 


1.70 


206.850 


30.000 


1.72 
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ROX does not blend vvRh or gelalintze nitrocellulose. 

With nitroglycerin, RDX forms an explosive plastic 
mass. Table 8-17 lists the sotufaility dwracteristica with 
TNT. 

TabfB8'17. RDX-TNT Sokitmy 



1.62 Mkicidories per gram wHh liquid water and 1.48 
kilocalories per gram with gaseous water. RDX deto- 
nates according to the empiricaiiy determined equation: 

(CHt.NNOs)a — > 20O+00a+2H«O+Kb+3Na 

The temperature developed on explosion is 3380°C 
There are two grades specified tor RDX: types A and 
type B. Type A oontaine no HMX and type B has a 

constant irnpunly of from 8 to 12 percent HMX, Types A 
and B are produced by different manufacturing proces- 
ses. Type A RDX melts between 202"C and 203''C; type 
B ROX melts between 192*C and 193*C. ITm vapor 
prssaufe of ROX is given by the equation: 

logp=11.87-5850/r(K) 

tor 56.7^ <T< STTC 

Pure ROX is used in press loaded projectiles but not in 
cast loaded profectNes because of extensive decom- 
position at the melting point. Cast loading s 
accomplished by blending ROX with a relatively low 
melting point substance. Compositions in which the 
RDX particles are coated with wax are called Composi- 
tion A, In mixtures with TNT, Composition B, and blends 
with a nonexplosive piasticizer, Composition C. Straight 
RDX is used as a base charge in datonalors and in some 
blasting caps, and as an oxidlwr in spadaNzad gun 
propellent. 



TMnpflranin 



GraflW ol ROX dtsaolvMl 
perlOOgraiiwof TNT 



81 
85 
90 
95 
100 
105 
110 



4.5 
4.7 
5.0 
5.8 
8.5 
7.3 
BJ2 



Theeutectic mixturR !s4 1 6 percent RDX at 7Q°C Table 
8-16 lists the solubility of RDX in various solvents. There 
is considerable divergence in the eoMiility data for RDX 
taken fro'Ti di'forent sources in the literature, probably 
due to the different methods and conditions used in 
making the determinations, the difference in purity, and 
the difference in physical state of the ROX tested. 
Therefore the values given in table 8-18 are or'ly ap- 
proximate. The coeftKStent of cubical expansion 
between 20*C and lOO^C is 0.00025 cubic osntimelerB 
per gram per degree centigrade. RDX has a heat com- 
bustion of 501 .8 to 507 3 kilocalories per mole at con- 
stant volume with liquid water. The heat of formation is 
14.7 idiocaiortea per mole. The heat of dalonaiian is 
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Figure 8- 1 7. TGA curve tor HWC 
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SolMnt 








9 tAA jmmha Jiff a 










(TC 


appc 


3crc 


40"C 


6crc 


8<rc 




Acetic acid (SWo) 


- 


- 


0.12 


- 


0.50 


1 25 




Acetic add (100<^o) 


• 


• 


0.41 


• 


1.35 


2.60 




Aostic ttnhydfidA 




4.0 


4.00 


6.0 


9.30 


- 




Acetnne 


4.2 


6.6 


6.40 


10.3 


15.3 


(at 58) 




Acetonitrile 






12.0 


16.2 


24.6 


33.0 




Alcohol, ethyl 


0.04 


0.10 




0.24 


0.60 


1.20 




Bamane 




0-05 


0 06 


0.09 


0 20 


0.40 




Carbon tetrachloiida 


- 


0.0013 


0.0022 


0 0034 


0.007 


* 




Chiorobenzene 


0.20 


0.33 


0.44 


0.56 




« 




CMofoiofTn 


- 


0.015 


- 


- 


- 


- 




Cydohexanone 


- 


12.7 
(at 25') 


- 


- 


- 


- 


25 

(at 97^ 


CyclopentanoM 


m 


m 


11.5 

(at 28") 








37 

(at 9Cr) 


Dimethytformamida 




25.5 


27.3 


29.1 


33.3 


37.7 


42.6 


Ether, dethyl 


m 


0.055 


0.075 






* 


w 


Beta-ethoxytathyl acetate 


m 


1.46 


1.55 


1.9 


3.4 






boamyl alcohol 


0.08 


A AAA' 

0.026 


0.04 


A AA 

0.06 


0.21 


A ^ A 

0.50 


1.33 


MethanoF 


0.14 


0.235 


0.325 


0.46 


1.06 




- 


Methyl acetate 




2.95 


3.30 


4.10 


6.05 


• 












(at sr) 






Toluene 


0.016 


0.02 


0.025 


0.05 


0 1 25 


0.295 


0.64 


Trichloroetiiyiena 




0.20 


0.21 


0.22 


0.23 
(at 52°) 






Trinitrotoluene 
















(TNT) 


* 




* 






4.4 


7.0 


Water 




0.005 




0.025 
(at 50") 






0.28 



N0> 
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(2) RDXishydralyzadslovvlywhentrealadwNh 

boiling dilute sulfuric add Of aodhwii hydroxide accord- 

Ing to the reaction: 

CiHrf<liO»-l^sO — 3NH9-I-3HCHO4-3HN09 

In sulfuric acid solution the nitric acid oxidizes the for- 
maldehyde to fbrmio acid wNle being reduced to nitrous 
acirf RDX dissofvnd in cold, concentrated suffuric acid 
decomposes when the solution is allowed to stand. 
Reduction of RDX diseoived in hot plienoi yields 
methylamine, nitrous acid, and hydrocyanic acid: tait if 
solid RDX IS suspended in 80 percent ethanol and 
reduced, both hydroly»s and reduction tal^e place and 
the produds are methylamine. nitrous add, ammonta» 
and formaldehyde With diphenylamine and SUMurlC 
acid. RDX gives a strong blue color. RDX dtosoives, 
without decomposing, in conoenlrations of up to 70 per- 
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cent nKiic add and may be recovered from solution by 
dilution with water Hot or cold hydrochloric acid does 
not attack BOX. Complete decomposttion can be 
Obtained by healing RDXwMi equal pwta of Ca(OH)} for 
four hours at 60°C ROX decorrposes slowly when 
heated at 60°C with a one tenth normal solution of 
sodium hydroxide for Ave hours, but rapidly when 
heated with a normal solution of sodium hydroxide. 
When RDX is placed in an aJkalino solution, decomposi- 
tion occurs. The products of that decomposition which 
hawo baan tooliMed am: nilregan gat, ammonia, 
nitrates, nitrftes, formaldehyde, heramine, and organic 
acids su^ as formic. When mixed with oxides of heavy 
matafa. audi as Inm or copper, RDX forms unatatila 
compounds which may undergo decomposition and 
cause ignition of mMiima at tomparaluias aa low aa 

locrc. 

(3) Type A RDX is manufactured by the nilra* 
tion of hexamethylanalatramina which is obtained by 

the reaction of formaldehyde and ammonia The pro- 
cess is accomplished by slowly adding one part by 
waighl of liaxamathytonelelramfne lo 11 ftarta of 100 

percent nitric acid, the temperature of which is main- 
tain e d at aO^C or less while being stirred vigorousty. Ttie 
reaction proceeds according to the equation: 

C«HmI4«-«-3HNQ3 — 3HCHO-i-NHa-t-(CHsNNQt)9 

The iormaidahyda, HCHO, Ibaralad by lha raaction la 

oxidized by the nitric acid if the mixture is allowed to 
stand or is warmed. After t)eing cooled to (fC, the mix- 
ture is stirred for 20 minutes more and then drowned in 
lea water. Aa a maiiR of ttia n^ure and dagradaiion of 

the hexamethylenetetramine molecule, numerous 
aliphatic and cyclic nitrocompounds are formed that are 
preaant in cnida RDX. The crude ROX is caught on a 
filter and washed with water to remove most of the add. 
Removal of all but a trace of acid is important and 
purification is accompiisheO by grinding the wet material 
than traaiing wiM bdling water or by rectystaltizing from 
cyclohexanone or acetone ProdudtonoltypaBROXia 
based on the tollowing reaction: 

CkHisf«l4-MHN03 -2NH4f^3 + 6(CHiCO)rO— 
2(CH2NN02)a + 1 2CHaC00H 

The hexamethylenetetramine is nitrated to RDX t>y the 
nitric add and, as indicated for the oroduction of type A 
RDX, three moles ot formaldehyde are produced. The 
fiormaidehydto reacts with Itie ammonimn nitrate in the 



presance of the acetic anhydride. (01^300)70, to form 
hexamethylenetetramine, which is nitrated by the nitric - 
acid to form the second mole ot ROX. The HMX impurity 4 
la not shown. The yield of the type B raaclion ia giwaler 
than for the reaction using nitric acid alone Other 
methods for produdng RDX include a process of nitrat- 
ing haxamethylenatairamina by nNric add in Uw pm- 
aence of phosphorous pentoxide with a yield of 90 per- 
cent of theoretical Nitration l>y some processes in the 
(yeseiKe ot ammonium salts such as (NH4)2S04 can 
memaaaylalde. Yialdaof 85pareent,80pamantand9l 
percent were obtained using no ammonium salt, 
ammonium nitrate, and amnuMiium sulfate, reapao- 
livaly. Another possible method of manufactura uaai 
nitPOgan pentoxide dissolved in inert, nonaqueous id* 
vents such as hydrocarbons or chlorinated hydrocar- 
bons to nitrate hexamethylenetetramine. The equation 
for tha raadion would be: 

C«H«N4+3N20s — ' 

(CH^Nf^h +3HCH0-i-2NiQi 

The yield for this method is claimed to be 89 percent. A 
proposed method for the production of type A RDX 
conaista of oxidizing the compound 1 .3,S«lrlnitroao* 

1,3,5-triazacycfohexane. which is obtained from 
hexamethylenetetramine, HCL, and NaNOa. Oxidiza- 
tion with hydrogen peroxide and nitric add yields as an | 
intermediate l -nitroao^.S dinitroso-1,3,5 triazacy- I 
clohexane which is converted on further treatment with 
hydrogen peroxide and nitric acid into RDX having a 
meHino point of 205^. 

(4) Type A and typa 8 RDX are equally saMi> 

five to Impact, friction heat, and initiation. This is due to 
the fact that HMX, the chief impurity in type B RDX. has 
aanaWvity charadadaflcattiat am vary dmHar to thoaad 
RDX. Impact tests indicate RDX is 300 percent as sen- 
sitive as TNT. Temperature has a marked effect on the 
sensitivity of RDX. impact tests oi a sample of type A 
RDX at ao*, 88*. and 105*C gava valuaa of 9, 8. and 5 
inches, respectively Granulation also affects sensitiv- 
ity; the height of fall increases with decreasing partide 
size. In pendulum frledon leala. RDX axplodaa with the 
steel shoe but is unaffected by the fiber shoe. When 
rubbed in an unqlazed porcelain mortar, partial defla- 
gration occurs. RDX displays great sensitivity in the rifle 
bulet impact lest, but the test sampiee pailialy defla- 
grate rather than detonate. RDX can be initiated by lead 
azide or mercury fulminate. Gap test results tor ROX are 
ahQwnintBbla8-18. 
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7aMt 9-19. Qap TM AttsuM for RDX 





Qfsms poi cubic 


r Of vvin 

voidi 


Senstlivily 


NSWC small m 


lalsgaptast 


1 717 


4.7 


7.90 








1.546 


14.2 


12.01 








1.186 


34.1 


11.18 




UANL small sea 


to gap test 


1.735 (hot'pressad) 


4.1 


4.8 • 5.6 








1.11 (bulk coarse) 


38.7 


8.86 








1.00 (bulk fine) 


44.8 


7.82 








0.7 (line oryslafllns) 


61 


6.77 





RDX is much less sensitive to an electric spark than 
tetryl, TNT, or PETN. Using a circuit with a capacitance 
of 0.0009 millitarads and a test sample of pulverized or 
crystalline RDX, no Ignitions occur at 12.300 volts but 
local ignitions do occur at 14.950 volts At elevated 
temperatures RDX either fumes off and ignttes or def- 
lagrates wtien uneonflnad. Thara are no explosions. 
Some elevated temperature test results are: at 255" to 
26<yC, five seconds: at 316<t^, one second; at 405''C, 
0.1 second. HaW at 290*C RDX fumes. ThaflammabilHy 
Index is 278 vafsus 1 00 for TNT and 244 for tatiyL The 
presence of more than 14 percent moisture prevents 
detonation by a number 6 blasting cap. 

(5) Reported sand test results indicate RDX is 
from 125 to 1 45 percent as bhsant as TNT. Fragmenta- 
tion tests, with 51 grams of explosive at adensity of 1 50 
loaded m a40 millimeter shell, indicate a brisanceof 141 
pereent of TNT. Plate cutting tests indleaia RDX Is 125 
percent as hr sant as TNT, while plate dent tests nc'i 
cate 135 to 141 percent. The equation for detonation 
velocity is: 

0»2.S6+3.47p 

wtiereO is in meters per second and p, the density. Is in 

grams per cubic centimeter. Upon detonation, the pres- 
sure developed is 12.600 kilograms per square cen- 
timeter or 156 percent of TNT. The following were mea- 
sured for RDX at the densities shown: 



RDXWax Density Critical 

pWC W il grams per cubic diamettr 
c«ntim«(6f 

95/5 1.05 4 0 - dc < 5.0 

90/10 1.10 4.0 <cfc<5.0 

80/20 1.25 3.8<<re<5.0 

72/28 1.39 3.8 <Cf«<5.0 



The diameters are given in millimeters. The volume of 
gas produced at 0°C and 760 nr^llimeters of pressure is 
906 Nters per kilogram or 132 percent of TNT. Trauzl 
tests indicate ROX is 151 to 170 percent as powerful as 
TNT. However, tests against earthworks, masonry, and 
in underwater explosions indicate a power of close to 
200 percent that of TNT. In one test a 25 kilogram 
charge of RDX in a shell produced a crater in packed 
earth 12.60 cubic meters in volume. Thie same amount 
of TNT under the same condfHons produced a crater 
6 75 cubic meters m volume. This indicates a power for 
RDX of 186.5 percent of TNT. The ballistic mortar test 
indicates a power of 150 to 161 percent that ol TNT. 
ThMO test rssuMs Indicata RDX Is the second most 
powerful military explosive. 

(6) RDX is highly stable In a one year surveil- 
lance test no decomposition occurred at either 65°C or 
8S^C. Whan healed for two montha at 100^} no dacom> 
position occurred. The 82.2 Kl test results are 60 min- 
utes. In the heat tests, the results were: at 75°C. .03 
percent weight loss in 46 hours; at 1 00°C. 0.04 percent 
weight loss in the first 48 hours, no weight loss In the 
second 48 hours and no explosions after 100 hours: at 
1 32''C no change occurred in eight hours of heating; and 
at 13S*C there was no acid and no explosion In 300 
minutes A sample of five grams of RDX subjected to the 
vacuum stability test yielded the following results: in 40 
hours at 120°C, 0.9 cubic centimeters of gas evolved 
and at 150*C. 2.5 cubic centimeters of gas evolved. A 
sample of five grams of type B RDX v th a melting point 
Of 192''C evolved 3.95 cubic centimeters of gas in 40 
hours. In the LLNL raaclhrity test 0.02 to 0.025 cubic 
centimeters of gas were evolved. The DTA curve for 
RDX is shown in figure 8- 19 and the TGA curve is shown 
in figure 8-20. 
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Figure 8-19. DTA curve for RDX. 
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Figure 6-20. TGA curve tor RDX. 



(7) In the United States and England. RDX is 

stored wetted with water. In Germany and Japan it is 
Stored dry. ROX doss not cause corrosion of aluminum 
oraiainlassstMri, avan in tiie prssenoe of moisture. Dry 
RDX causes no oofTDSion of and RDX with 0.5 percent 
moisture causes only slight corrosion of nicitel or zinc 
Dry or damp RDX causes very slight corrosion of cop- 
per, brass, mild steei. or cadmium. 

(8) Table 8-20 lists the rscMwiwts^niiMsfy 
grade RDX for the United Steles government. 



raMeS-20. TypeBofRDX 



PropeftiBs 


Type A 


Typ0 B 


Melting point, °C (min) 


200.0 


190.0 


Acetone insoluble (max) 


0.05 


0.05 


Inorganic insoluble (max) 


0.03 


0.03 


Insoluble particies 


5 


5 


retained on US standard 






sieve No. 60, particles (max) 






Acidity, percent (max) 


0.05 


0.02 



Type A RDX is produced by the nitric acid process: type 
B is produced by the acetic anhydride process. OraniJ> 
lation requirements are listed in table 8-21. 



Table 8-21. Granulation Requirements for RDX 
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(9) ThesugoMlsdinesQfRDXbaaedondaM 
and gniniilalion w as Mom: 

(a) Class A, tor use in Composition A3, 
Compcniten B, Compoatlion C4, and cycMol 

(b) Ctaas B, for IJ80 in CompoaHion A3 and 

Composition C4 

(c) Class C, for use in the preparation of ROX 
booster and detonator pellets 

(d) Ctaas D» tor usa Jn cydolols 

(a) Class E, for usa in Composition C4 and 
ptasHc bonded explosives (PBX's) 

(f) Class F, for use in Composition B3 

(g) Class G, for use in PBX s 

(h) Class H, for use in Composition C4 
c. Ethyienediamine Dinitfate (EDDN). 

(1) This explosive is also designated EDD or 

EDAD. The compound (figure 8-21 ) is corrposed of 
white crystals with a specific gravity ol 1 .595 at 25/4°, a 
nitrog0n content of 30. 1 0 percent, an oxygen balance to 
COt 01-25.8 paroant, a maWng point of 185^ to 187^, 
and a molecular weight of 186.13 The compound Is 
soiuble in water, but insoluble in alcohoi or ether. EDDN 
has a heat of combustion of 374.7 kilocalories par mote 
at constant praasura, a l>eat of formation of 156.1 
kilocalories per mole, and a heat of explosion of 1 ?7 9 to 
158.3 kilocalohes per mole. Eutectics are formed with 
ammonium nitrals, but EDDN is immiscible with molten 

TNT. An aqueous solution n* PDDN 's distinctly acidic. 
EDDN has been used to a limited extent as a bursting 
chaipa pressed in shefis and as a cast charge in eutectic 
mixluras with ammonium nitrate. Mixtures with wax 
were used in boosters during World War 11 by the Gar- 
mans. 
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Figun 8-21. Structural formuia for EDDN. 



<2} EDDN is produced by namranmien of 

ethyl anediamine dihydrate with concentrated nitric acid 
This IS followed by ttie concentration and crystallization 
of the salt fomned. 

(3) EDDNIamorsaensWvatoshoclctfMmTNT. 
having impact test values of nine inchsa and 75 osf^ 

tinwters, respectively, with the Picatinny arxf Bureau of 
Mines apparatuses. In rifle bullet impact tests with a 
chaiQa of spacMc gravity 1 .0 no daionaliona oocunad 

on the impact of bullets with velocities l)elow 960 meters 
per second and incomplete detonations occurred witti 
bullet v^ocities around 1 ,000 meters per second. 
EIX>N is less sensitive to initiatton than TNT, requiringa 
minimum detonating charge of 0 10 gram of tetryl 
according to the sand test. Two grams of mercury f ulnv- 
nala ara raqulrad Ibr Via InNlation of a 60 gram aampis 
pressedtoaspecificgravftyof 1 23in a paper cylinder 
30 millimeters in diameter. In a gap test a minimum 
separation of 3.75 centimetars was found witfi papsr 
cwtridges each containing a 50 gram sample pressed to 
a density of 0.75. Tfie explosion temperature test value 
of EDO is 445^. as compared with 475"C for TNT. A 
smaH Mwnpto placad inataettuba IgnHaain six aaoonds 

when plunged into a bath preheated to 370°C, and In 
one second when tt>e temperature of the bath is 
Incraasad to 430*C. EDDN is ignited by open flame after 
one minuteandooniimiaaiobumatihaiateaf 1.5 
cenUmeters per minute. 

(4) The sand test indicates EDDN is 96 pe rcent 
as brisant as TNT, and plate dent test values are practi- 
caNy ttie same for tfie two expl osi ves. The detonation 

velocitv for a sampfe of EDDN wtth a specific gravfty of 
1.00 is 4.650 meters per secofxl, 6,270 nieters per 
aaoond at a specific gravity of 1.33, and 8.015 meters 
per second at a specific gravity of 1.50. EDDN is indi- 
cated to be 114 percent and between 120 and 125 
percent as powerful as TNT by the ballistic pendulum 
andXrauzl lead bteck toate. respectively. 

(5) When heated in vacuum EDDN vaporizes 
and condenses without noticeable decomposition. 
When heated at 10 millimeters of pressure in an atmos- 
phere of nitrogen or air, autocatalytic decompoeilion 
occurs between 230°C and 360°C EDDN ts hygro- 
scopic to the extent ol 1 .24 percent at 90 percent relative 
humidity and 25*0. in the 120*C vacuum stabilily teat, 
five milliliters of gas are evolved. Because of poor solu- 
bility, hyqroscooicify, and acidity charactertstics, EDDN 
is not very satisfactory for use as a military explosive 
and te an inferior substKuto for TNT. 
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d. Bh^lermdMlmmlne (HalellB). 

(1) This compound is also known as N, N - 

dinttrocthvlone diamine; ethylene dinttramine; or 1.2- 
dinitrodiaminoethane, and is sometimes designated 
EDNA. The nams Hatolto is in reoognWon of the devel- 
opment of this compound as a military explosive by the 
late Dr. G. C. Hale of Picatinny Arsenal. The compound 
(figure 8-22) is white with an orthorhombic crystal 
structure, a nitrogen content of 37.33 perosnt. an (wy- 
gen balance to CO? of 32 percent, an oxygen balance 
to CO of - 10.5 percent, and a molecular weight of 
150.10. The density of the crystais vary from 1.66 (o 
1.77 depcncfing on the solvent from which the crystalli- 
zation took place. Packing density as a function of pres- 
sure is shown in table 8-22. 



Tat)ha-22, Hal0if PaoHing Density 



Piessure 


Pressure 


Osmity 


grams p«r cubic 


pound* 


gmw pBT cubic 


kHopascals 


square Inch 




34.475 


5.000 


1.28 


68.950 


10.000 


1.38 


82.740 


12.000 


1.41 


103,425 


15,000 


1.44 


137,900 


20.000 


1.49 



l^ateite melts with deeompoailion at 177.3*C, but does 

not extrude. The sdubillty of Haleite in water at 1 0°, 20°, 
50°. 75°. and 95'C is 0 10, 0 25, 1 25. 5 0, and 16.4 
grams, respectively, per 100 grams of solvent. In 95 
paicentelhanolat10*,2ir.80*,75* and78.S^. Haleite 
is soluble to the extent of 0 55 ^ oo 3 50, 10.07. and 
1 1 .5 grams, respectively, per 1 00 grams of solvent and 
iseoiilble in methenoi. Heleileis insoiubiein ether, but In 
actetorte at 20'C, Haleite is soluble to the extent of 6.2 
grams per 100 gram? Haleite is soluble in nitro- 
metharve, nitrot>enzene, and dioxane, which can be 
used to recrystallize ttie explosive. The heat of combus- 
tion of Haleite at constant pressure is 2.477 calories per 
gram, from which a heat of formation value of 20.1 1 
kilogram-calories per mole is derived. The heat of 
enplcaion is 1,276 catories per gram. 



CH2.NH.NO2 
I 

CI4>.NH.N02 



Figure B-22. Structural formula for Haleite. 



(2) HtMUte is an explosive that combines Ihe 

properties of a high exptosive like TNT and an initiating 
agent like mercury fulminate or lead azide, possessing a 
high bnsance and comparatively low sensitivity. No 
Olher high explosive is known which has such a low 
sensitivity to imnart and at the same time so readily 
explodes by heat. Another imporlanl characteristic of 
Haleite is a relattvely low explosion temperature, 
approaching that of mercury fulminate or nitroglycerin 
Haleite lacks oxygen for complete combustion to CO2. 
Mixtures with oxidizing agents such as ammonium 
nitrate, potassium chlorate, and ammonium perchlorate 
yield a series of exploaive mixtures more powerful than 
Haleite. 

(3) The first step in the manufacture of Haleite 
Is the production of ethylene diamine. One reaction 
employed is: 

CHsO+HCN — HOCH2CN 

HOCHtCN+NHa— HaNCHaCN+HrO 

CH2.NH2 
H2NCH2CN +2H2 — ' I 

CHz.NHz 

The yield of the second reaction is 82 percent. The third 
reaction is carried out under high pressure. The 
ethylene diamine to converted to ethyteneuiea, 
2-imidazcrfidinone, by either reacting with dielliylcartio- 
nate or carbon dioxide. The reaction with diethylenecar- 
tsonate is not generally used because the yield is only 42 
peroent of theoretical and the reectlon requires the use 
of high pressure and high temperature for an extended 
period of time. The reaction with cartxxi dioxide is car- 
ried out under 620 atmospheres of pressure at 220*C. 
The reactions are shown in figure 8-23. The 
ethyleneurea can be nitrated with either cor>centrated 
nitric acid or a mixture of rutric and sulfunc acids. In the 
letter case. 10 pans of mixed add containing 74.0 per- 
cent sulfuric acid, 15.4 percent nitric acid, and 10 6 
percent water are cooled to 10°C or less and agitated. 
One part of ethyleneurea is «ided et such a rate ttiat the 
temperature does not rise above 10"C. After the last 
portion of the ethyleneurea has been added, stirring is 
continued for five minutes. A vanation of this process is 
to dissolve 1 pert of ethyleneurea in 7.5 parts of 95 
percent sulfuric acid, while maintaining the temperature 
at 20°C. This solution then is added slowly, while main- 
taining the temperature of the mixture at 0"C or less, to 
3.33 parts of a mixed acid containing 15 8 percent sul- 
furic acid. 66 7 percent nitric acid, and 17.5 percent 
water. When addition is complete, the temperature is 
increased to 10*C and maintained at that value for two 
hours. The dinltroethyleneurea Is caugtv on a flitor and 
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washed with ice water until the washings are almost 
neutral. Additional diniiroethyleneurea is recovered l>y 
drowning the spent odd In Ice water. A total yMd of 97 
percent of the theoretical is obtainabiG One part dinitro 
ethyleneurea. by weight, is suspended in seven parts 
water and boiled until the evolution of cartwn dioidde 
coaaee. The reaction is shown In figure 8-24. HaleMe 
separates as shining crystals when the solution is 
cooled to room temperature. This is caught on a filter, 
washed with odd water, and dried. The total yield of 
Haieite from ethyleneurea is approximately 92 percent 
of the theoretical. Another method of producing Haieite 
is by treating dinitroethylenediurelhane with an aico* 
holic solution of ammonia followed by acidifying with 
hydrochloric add. This reaction is shown In figufe a-25. 

(4) One grade of Haieite is specified for military 
purposes. This complies with the following require- 
ments: 

Color: White to buff 

Moisture: Maximum, O.tO percenL 

Melting point: Minimum, 174.0'C. 

Purity: Minimum, 99.0 percent. 

Water insoluMe matter: Maximunu 0.10 peroenL 



Grit: None 

120°C vacuum stability test: Maximum. 5.0 mNMers of 

gas in 40 hours. 
Granulalion: 

Through US Ho, 10 aieve, mMmum 100 
Ihiough U8 No. 100 aieve, maximum 20 

(5) Impact tests show Haieite to be slightly 
more than twice as sensitive as TNT, with a 48 cen- 
timeter drop height versus 100 centimeters for TNT. In 
the rifle bullet impact test for too trials, there were 60 
partiid detonations, 20 burnings, and 20 unaffected. 
Haieite is unaffected by either the fiber or steel shoe in 
the pendulum friction tost A mmimum initiating charge 
of 0.21 grams of mercury fulminate or 0. 1 3 grams of lead 
ailde are required for Initiation. In ttw gap test, a 

minimum separation of 14 centimeters was found for 
two paper cartridges, each containing 50 grams of 
Haieite at a density of 0.80. This value is 64 percent of 
tiiat for tetryl at a density of 0.94. The exploaion trnnpei* 
ature test value is 190°C. The 0.1 second explosion 
temperature test value is 265°C. Haieite fiammat>ility 
index la 138 seconds. 
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F^fiin 6-25. ProducOon of Hal9^. 



(6) A8moa8umfbyth«tandto9t,HaleN»lwsa 

bcisance of 1 09 to 1 1 9 percent of Ihat for TNT The plate 
dent test indicates a brisance value of 1 13 to 122 per- 
cent of T^r^. The plate cutting test indicates a brisance 
•qual tolliat of PETN. A fragmentatk>n test using a th ree 
Inch, high explosive, M42A shelf with a charge of 95 
percent Haleite and 5 percent wax at a density of 1 .56 
WAS taund to pfoduoe 117 pensent as many finagments 
as TNT. Other fragmentation test values varied from 
1 36 to 1 47 percent of TNT. The detonation velocity for a 
sampie at a density of 1 .55 grams per cubic centimeter 
la»iapofledaa7,883malBrsper8eocnd. Foraaamplaof 

density t 50 a detonation velocity of 7,580 meters per 
second was reported and a velocity of 5,650 meters per 
•ooondfora 8aiTi|)la of density 1.0. ThabaHMicniortar 
tests indicate Haleite is 136 to 140 percent as powerful 
as TNT The Trauzl test indicates a power of 122 to 143 
percent of TNT. 

(7) In 1tia100*C hottest, a 0.2 perosfitwsight 
Jobs was reported in the first 48 hours, and 0.3 percant 
was fost in the second 48 hours. No explosions 
occurred. The 135*C heat test results are satisfactory. 
The 78% intemational heat test laault is that a 0.01 



pafcant loss occurs in 48 hours. DacomposNion lam* 
paratures are 170"C in 20 seconds, ^7TC in 1 5 sec- 
onds, 178°C in 10 seconds, 189°C in 5 seconds. At 
higher temperatures, Haleite darkens to a red brown 
MiHhllwavoiiitionorNOt. Haiaila is hygrasoopic to the 
extent of 0 01 percent at 90 percent relative humidity. In 
the vacuum stability test at 100°C with a five gram sam- 
ple. 0.5 cubic cantimalare of gas are avolvad in 4a 
hours. At 1 20*0, 1 5 to 2.4 cubic centimeters of gas are 
evolved, and at 135°C more than 1 1 cubic centirnefers 
are evolved. Tests have shown Haleite to be voiatiiized 
at tha fala of 0.05 parcant par hour whan haalad at 

100"C in an open dish Storage tests have shown dry 
Haleite to be of unimpaired stability after storage at &5''C 
tor five montfts or SCTC tor 30 months. Tharafora. 
Haleite is considered to be of satisfactory stability at tha 
normal exposure temperatures for storage and han- 
dling. Dry Haleite does not cause corrosion of 
aluminuin, brass, copper, mild alsal, stainlaas ataaf, 
cadmium nickel, or 7tnc Magnesium and magnesium 
alloys are slightly affected by dry Haleite. Stainless steel 
Is not oorrodad by wat Haiaila, but copper, brass. mlM 
alaet. cadmium, nidcel, amJ zinc are heavily corroded in 
tha praaanca of as IMa as 0.5 parcant moislura. 
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e. Nitroguanidlne (NQ). 

(1) This explosive Is also knowm as picrlle or 

guanyWtramine. The compound (figure 8 26) has a 
nitrooen content of 53 84 percent, an oxygen balance to 
COj ot 30.8 percent, a theoretical maximum density of 
1 .81 grams per cubic centimeter, a nominal density of 
1 .55 to 1 75 grams per cubic centimeter, and a molecu- 
lar weight of 104.1. The melting point of nitroguanidine 
vaHes somewhat with the rate of heating. The pure 
material melts with decomposition at 232''C. but values 
from 220°C to 250°C arc obtainable with various heating 
rates. At least two crystailirve forms exist for nitro- 
guankine: alpha and bate. The alpha torn is obtained 
when nitroguanidine is dissolved in concentrated sul- 
furic acid and then drowned with water. The crystals 
formed are long, thin, lusbous, flat needtos that are 
tough and very difficult to pulverize. The needles have a 
double refraction value of 0.250. This is the form most 
commonly used in the explosive industry. The beta form 
cryatalNzas from hot waiar in f^Mw dusters of smal, 
thin, elongated plates. The plates have a double retrac- 
tion value of 0. 1 85. The beta form may be converted into 
the alpha by dissolving In oonoenlr a tadsulftiric addand 
drowning in water. Neither form, however, is converted 
into the other by recrystallization from water, and the two 
forms can t>e separated by tractional crystallization from 
vratar. Hia betaform may alio beconverted to the alpha 
form by decomposition of the nitrate or hydrochlortda 
formed by beta nitroguanidine. When alpha nitro- 
guanldina ia decompoa e d by heal, soma beta nllro> 
guanidina islornfted; but the beta compound generally la 
obtained by the nitration of the mixture of guanidina 
sulfate and ammontum sulfate, resulting from the 
hydrolyeia of dieyandlamida. HtN.C(:NH).NH.CN. by 
suffuric acid. The alpha form is Obtained by the reaction 
of guanidine and nitric add to form the nitrate. The 
nitrate Is dehydrated to fOrm ttie nHrocompound. Both 
forms of nitroguanidine have the same melting point and 
are alike in most chemical and physical pro(>erties. Hie 
unit cell dimensions are 1 7.58 Angstroms. 24.84 
Angstroms, and 3.S8 Angstroma. Thaia are 16 
molecules per cell The refractive index is; alpha equals 
1.526, beta equals 1.694, and gamma equals 1.81. 
However, they differ slightly in solubility in waMtraMOapt 
at 25''C and 1 00°C, where their solubility ounces cross, 
having values of 0.42 to 0.44 grams per 1 00 milliliters at 
25X and 8.25 grams per 100 milliters at 1 0O^C. Solubil- 
ity between 25*C and 100*C la alighHy lower for the 
alpha than for the beta form Af CCthe solubil'ity for both 
forms IS about 0.12. Both forms are slightly soluble in 
alcohol and nearly insoluble In elher. Inasdutfonof one 
normal potassium hydroxide at 25''C the solubility is 1 .2. 
Table 8-23 lists the solubility' for nitroguanidine in 5ul- 
furic acid at various concentrations and temperatures. 



TatfB-ZS, SokibmyofmngumMbm 

mSUHUricAcid 



SuHurlc acid 
pwcerNage in 
«Mi«r 


Temparaturs 

•c 


Grams dlssolvsd 
p«r 100 cubic 
owMiniclors 


A 
U 


A 
V 


0 12 




OfL 
CO 


0-42 




A 
V 


0 3 




9K 




en 


A 

V 


045 






1 OS 


9R 


n 
w 


075 






1 5 


OfX 
W 


A 
W 


1 3 




25 


2.9 


35 


0 


2.0 




26 


S.2 


40 


0 


3.4 




25 


8.0 


4S 


0 


5.8 




25 


10.9 



NNroguanldine has a crystal density of 1.715. but 
because of the toughness and ffexibility of the coj'stals a 
density of only 0.95 is obtained when subjected to a 
pressure of 3,000 pal. The hafll of combuaUon of nilR^ 
guanidine af constant pressure iS 210.4 kilocafories per 
mole, and from this is derived a heat of fomnation value 
of 20.29 kilograni'^alorias par mole. The heal of deto- 
nation is 1 .oeidlooalofiaapargnmwith liquid water and 
980 calories per gram with gaseous water The volume 
of gas produced is 1077 cubic centimeters per gram. 
NUraguanMna Is eaaantfaNy nonvoUHa. The vapor 
piMaura Is given by the equation: 
lpgpa-13.01-7014/rrC) 

for 70.7*C < T <174.2»C 

One torr equals 1 33 pa. The specific heat, in calories per 
gram per degree centigrada, lor Mgh buHcdanaMy nibo- 
guanMnaia: 

0.269+(7.0xl0-«)r far 37^ < 7" < 167^ 
The apadfle heal tor low bulk denaity nttroguanidlna ia: 

0.242+(1 1.1 x10-*)r for 37^ < 7 < 187^ 

Because of the low temperature of explosion, about 
2,098'C, nitroguanidine is used in tnpie-base propel- 
lanta that are prao Mc alyflaahiaaa and laaaa r oalwa th a n 
nitrocellulose-nitrogfycefin propeilant Of comparable 
force. When used by the Germans in Worid War U In 
antiaircraft guns, a nitroguanidine prop slant Incraaiad 
the band Ito from 1.700 iringato about ism fMnga. 
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(2) Nitroguanidine is chemically reactive 
because of a free amino group as well as a nitro group 
and a tamdency toward dearrangemenl. With fwt oori' 

centrated nitric acid, nitroguanidine forms a nitrate that 
melts at 1 47°C and. with strong hydrochlonc acid, yields 
a crystalline hydrochloride. On reduction, nitro- 
guanidine yields nitrosoguanidine. H2N.C(NH).NH.N0, 
and then amlnoguanidine, H2N.C(;HN) NH.NH2. With a 
solution of diphenylamine in sulfuric acid, nitroguanidine 
gh«8 a Mueoolor. When tested with fenrous ammonium 
sulfate and sodium hydroxide, a fuchsine color is 
developed. When warmed with water and a large 
excess of ammonium carbonate, nitroguanidine forms 
guanidine carbonate. With an aqueous solution of 
hydrazine, nitroguanidine reacts to form N-aTifno, 
N'-nitrofluanidine. N2N.HN.C(:NH).NH.N02. which 
meits at 1B2^. On being heatedor undergoing reaction 
in sulfuric acid solution, n "troqu a nidine appears to 
undergo dearrangement according to two modes: 

HsN.C.(:NH).NaNO» ~ NCNHs+HzN-NOs 

Cyanamlde 
Nitramkle 

HzN.C(:NH).NH.N02 — NHa+NCNH NO^ 

Ammonia 
Nitrocyanamide 

When decomposed by heating above the mr-itinq po-r^t, 
the products obtained from nitroguanidine are water, 
nHrous oxide, cyanamide. melamine, ammonia, cyanic 

add, cyanuric acid, ammeline, and ammelide. These 
are the products to be anticipated from the dearrargpd 
compound. The reaction and decomposition ot the 



pdmaiy products of deoornposilion form cartwn dioadde. 

urea, melam. melem, mellon, nitrogen, hydrocyanic 
acid, cyanogen, and paracyarKjgen. In aqueous solu- 
tion, nitroguanidine deananges in txith of the above 
modes, but this isoirtyloasmall degree, unless another 
compound is present to react with one of the products of 
dearrangement. As a result of this, nitroguanidine is 
lelalively stable in aqueous solution. A saturalsd aque* 
ous solution at 25*C has a pH value of 5 5 After being 
heated at 60°C for two days, such a sdution has a pH 
value of 8.5. In the absence of ammonia and in the 
presence of a f>fimary aiiphaUc amine, nitroguanidine 
reacts to form an alkylnitroguanidine as if the amine 
reacted with nitrocyanamide present by dearrange- 
ment. A solution of either form of nitroguanidbie in con- 
ccntratcci sulfuric acid acts chemically as if the nitro- 
guanidine had dearranged into nitramide and 
cyanamide. aittK)ugh alpha nitroguanidine is precipi- 
tated if the solution is poured into water. When sutf) a 
solution is warmed, nitrous oxide and a little nitrogen are 
evolved at first from the dehydration of nitramide. Later 
and more slowly, cartxm dtoxide Is Hberaled resulting 

fronri the hydrolysis of ryanamide. After standing for 
some time, a sulfuric acid solution of nitroguanidine no 
longer gives a precipitate of nitroguanidine when diluted 
with water. Although a freshly prepared solution con- 
tains no nitric acid, this is former! by 'he hydration of 
nitramide. if a matenal that can react with nitnc acid is 
present. Consequently, nitroguanidine splNsofrihe nitro 
qroup quantiiaiively andthepurtty of I'lemateiiaicantie 
determined by the nitrometer moi^iod 

(3) The specification tor military nitroguanidine 
covers two types of material and two dasaes with 
respect to granulation. The re q u i r e r e ntswNh which ttie 
explosive must comply are as follows: 



PnptMmt 


MIn 


1.% 

Mm 


TVP»ii.qb 

Min Mm 


Purity (assay) 


no 




9».0 


Ash content 




0 30 


0.30 


pH value 


4.5 


7 0 


45 7.0 


Acidity (as sulfuric aiBld| 


m 


0.60 


0.06 


Totai voMHm 


* 


0.25 


029 


SuMriM (M ndbm tulWe) 




020 


0.20 


WMw imoluliie bwMiWM 




0,20 


0.80 
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Granulation requirements are as follows: 





ClM$ 


Minimum 


Maximum 




in microns 


in microns 


1 


1 


4.3 


6.0 




2 




3.3 


11 


1 


3.4 


6.0 




2 




3.3 



(4) Several methods for the preparation o* 
nitroguanidlne are Imown. The earliest method was by 
the direct nitration of guanidine thiocyanate with mixed 
acids. Guanidine thiocyanate is one of the cheapest and 
easiest to prepare of the guanidine salts. However, this 
method of production also produced sulfur compound 
impurities which attacked nitrocellulose. This lowered 
the stability of propellent compositions to an unaccept- 
abledegrse, thus precluding early use of the compound 
as an ingredient in nitrocellulose based propellents. A 
more pure form of nitroguanidine that does not contain 
the sulfur compound impurities can be preparsd in one 
of seve-ia known ways. In one method equimoiecular 
quantities of urea and ammonium nitrate are fused 
according to the equation: 

H2N.CO.NHa +NH4NO3 — - 

H2N.C(:NH).NH.N02 +2H«0 

The product is then recrystallized from boiling water 
The yield of this method is approximately 92 percent of 
the theoretical. Another method of preparation involves 
heating a solution of equimoiecular quantities of 
cyanamide and ammonium nitrate to tSO'C at a pres- 
sure of 200 pounds. The reaction proceeds according to 
the equation: 

H2N,CN+NH4N03 — " H2N.C(;NH).NH.N02+HaO 

The product Is then recrystallized from boiling water. 

The yield of this method is approximately 88 percent A 
third method involves the production of guanidine 1 titrate 
as a precui^r to the nitroguanidlno. Two reactions can 
be employed to produce guanidine nilraie. Tfte first 
reaction: 

H2N.C(:I^H).NHa+HN03 — HaN.C(:NH).NHa.HNO» 

is simply the reaction between guanidine and nitric acid. 
The second reaction: 



H2NC(:NH).NH.CN-(-NH4N03 — 

HxN.C(:NH).NHsHN0a4'NC.NHt 

is the reaction between dicyandiamide and ammonium 
nitrale. As the guanidine or dicyandiamide can be pro- 
duced from ttie raw materials coke, limestone, atmos* 
pheric nitrogen, and water, the production of nitro- 
guanidine does not involve the use of special natural 
resources. However, a very large mount of electrical 
energy is required for the production of dicyand'amide 
or guanidine. Dehydration of guanidine nitrate to nitro- 
guanidine is affected by adding 1 partofthenilraleto2.3 
parts by weight of sulfuric acid (95 percent), so that the 
temperature does not rise above 10"C. The reaction 
proceeds according to the equation: 

HiN.C(:NH).NHt.HN03 — - 

H2O +H2N.C(:NH).NH.N02 

As soon as all the nitrate has been dissolved, the milky 
solution is poured into seven and one-half parts of ice 
and water. The mixture is kept ice-cold until precipitation 
is complete, when the nNroguanidne is caught on a 
mter, washed with cold water and redissoived in 10 
parts of boiling water. The nitroguanidine recrystallizes 
when the solution cools. The yiekJ is approximately 90 
percent of the theoreOcaL 

(5) Impact sensitivity test results are 47 cen- 
timeters using the standard two kilogram we-ght in the 
Bureau of Mines apparatus and 26 inches using a 
nonstandam weight of one pound in the Picatinny 
Arsenal appara'us. Even when a factor is applied to 
conect for the nonstandard weight, the values obtained 
are inconsistent. The preponderance of evidenoe. how- 
ever, is that this explosive is considerably less sensitive 
tti a 1 TNT to impact as well as frk:tion and initiation Gap 
test results for nitroguanidine are shown in tat>ie 8-24. 
Nitroguanidine is unaftaded by the rifle bullet Intpaot 
test and twth the fiber a 1 s'epj shoes in the pernlulum 
friction test The result of the five second explosion 
temperature test is 275'C. A minimum charge of 0.20 
grams of lead azideor 0.10 grams of tetryl are required 
for initiation. Sensitiv■^/ to initiation varies somewhat 
with crystal size. Larger quantities can be detonated by 
a bla^ng cap containing 1 .5 grams of mercury fulmi> 
nate. Nitroguanidine. therefore, may be classified as 
one Of ttw least sensitive of military expk>sives. 



8-44 
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Table 8-24. Gap Test Results for NitroguamdinQ 



DenaNy 
grams poroiMc 
centimeter 



voids 



SMaWvly 

In 

millimeters 



1.575 (prMSWf) 

1.715 (pressed) 
1.609 (pressed) 



11.8 

3.5 
9.6 



no explosions 

no explosions 
5.00 



LANL small scato gap last 
LANL large scaJe gap test 



(6) The sand test indicates nitroguanidine to be 
between 73.5 and 84 percent of TNT. At a density of 1 .5 
pams per cubic centimeter, the platedenttestindicatee 
a brisance of 95 percent of TNT, and the lead block 
compression test indicates 73 percent of TNT. The criti- 
cal diameter at a density of 1 .52 grams per cubic cen- 
timeter to tslween 1 .27 miNlmsiers and 1.43 miMme> 
ters At a density of i 70 gran- s per cubic centimeter the 
detonation velocity is 8.100 meters per second. At a 
spedflc gravity of l .5 ttie velocity is 7,650 and at a 
specific gravity of 1 .0 the velocity is 5.360. At a density 
of t .55 grams per cubic centimeter, nitroguanidine has a 
higher velocity of detonation than TNT at the same 
density: 7.650 compared to 6,900 lor TIMT. The detona- 
tion velocity as a function of density to given by the 
equation: 

4y«1.44+4.015p 

where d is in kilometers per second and p, the density, 
to in grams per cubic centimeter. By tfie Trauzl test. 

nitroguanidtnc is 78 to 101 percent as powerful as TNT, 
and by the ballistic mortar test. 1 04 percent as powerful. 
The temperature of explosion Is about 2096*C as com- 
pared to 2820*0 for TNT. The relatively smaH heat of 
explosion explains nitroguanidine's cooHng effect when 
present in propellent compositions. 

(7) Nitroguanidine begins to undergo decom- 
position at a higher temperature, 232°C, than does TNT, 
80°Cto ?00°C The results ofthe75'Cintprn-iticnal test 
is a 0.04 percent weight loss in 48 hours. The 100°C 
hcMt test results are 0.48 percent weight loss In the first 
48 hours. 0.09 percent in the second 48 houre and no 
explosions in 100 hours Vacuum stability tests at 120''C 
show nitroguanidine and TNT to be of the same order of 
'Stability. As both are eesentlelty nonhygroscople and 
very slightly soluble in water, the impairment stability 
by moisture is not a practical problem. In the LLNL 
reactivity test. 0.02 to 0.05 cubic centimeters of gas are 
evolved per 0.25 grams of sample. Propellent composi- 
tions containing riitroguanidine have been found to be of 
a high order of stability; indications are that the nitro- 
guanidine ads to some extent as astabizer. since such 
compositions generalty do not llbefate red fumee when 



subjected to the 65 5°C surveillance test. The DTA 
curve for nitroguanidine is shown in figure 8-27. The 
TGA curve is shown in figure 8-28. 

f. 2,4,8'TtMlrophenylmethylnltramln9 (Tetryl). 

(1) TMs exptoeive is also Imown as: 2,4,8- 

tetranitro-N-methyl aniline; N-methyl-N,2,4.6- 
tetranitro-t>enzenamlne; 2,4,6-trinitrophenyl- 
methylnitramlne: tetranltromethylamulene; or picryl- 
methylnitramine and is sometimes referred 10 as pyro* 
nite, tetrylit, tetralite, tetralita. or CE. The compound 
(figure 6*29) is colorless when freshly prepared and 
Nghty purified, but rapldty acquires a yellow color when 
exposed to light. Tetryl has a nitrogen content of 24.4 
percent, an oxygen balance to COs of -47 percent, a 
nominal density of 1 .71 grams per cubic centimeter with 
attieoretical maximum density of 1 .73 grams per cubic 
centimeter, and a molecular weight of 287 15 The 
melting point of the pure substance is 129.45''C and of 
the technical grade. 129^. Melting is accompanied by 
partial decomposition. Repeated snlH fication and 
melting rapidly increase the degree of decomposition. 
Tetryl has a scratch hardness of less than one on the 
Mohs* scato and therefore the crystals are slightly softer 
than talc The crystals are monoclinic with unit cell 
dimensions of a =14.13 Angstroms, b =7.37 
Angstroms, e -10.61 Angstroms. There are four 
molecules per unit cell. The refractive index is: alpha, 
1.546; beta. 1.632; gamma. 1.74. Table 8-25 lists the 
density of tetryl as a function of loading pressure. 



Table 8-25. Density as a Function of 
Loading Pressure for Tetryl 



Loading pressure 


Loading pressure 
in pounds per 
tqiiar*inch 


Oensirv in 
grams per 
cubic osnGnwiw 


20.685 


3,000 


1.40 


34.475 


5.000 


1.47 


68.950 


10,000 


1.57 


82,740 


12.000 


1.60 


109.425 


15.000 


1.63 


137,900 


20,000 


1.67 


206.850 


30.000 


1.71 




cast 


162 
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TEMPERATURE • 'C 
Figun e-27. OTA curve for nitroguanid^. 
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Fiffuna-29. TGA ctffve for n^x)gtmnkHn&. 



0»Np |NOi 



NOt 



Figure 9-29. Structural formula for tetryi. 



Ovef the temperature range of ?00* to 403* Kelvin, the 
^>ecif>c heat of tetiyl as a function of temperalure has 
bwnfbundtobo 

8pMiachMt«0.213+(2.18xlO *)T 

-(3.73xl0-')r" 

where T is in degrees Kelvin and the specific heal is in 
units Of caiocies per gram per degree centlgracle. JalM 
Mi llw dtotodrto ooMtm for taliyl at varioui 



7abha-29. Dhhctric Oonalmt of TeHvl 



Densily g.'ams per 

cubic cwitimeter 


DMectrtc constant 

rnoasufed at 

35 giga cydaa 


0.9 


2.059 


1.0 


2.163 


t.4 


2.782 


1.5 


2.905 


1,6 


3.097 


1.7 


3.304 



T«liyl hM a hoaA of Mrion of 5.9 IcNocalorles per fiioto 

arxJ entropy of fusion of 13 7 eu The heat of vaporza- 
tion value is 26 iukx^alories per mole, the coefficient of 
thermal expansion is 0.32x10'^ per degree, and the 
thermal conducHvNy In ogs units is 6.83 x io-* at a 
density of 1 53 grams per cubic centimeter Tetn/l's heat 
of combustion at constant pressure is 2.91 4 calories per 
gram. The heat of formatfon value is 4.67 to 7.6 
kilogram-catories per mole The vaporprMWUroliltorrof 
tetiyl is given t)y the equation: 

log p »13.71-e77S/r(X) 

tor8S*C <r <106^ 

Tetiyl dissolves rsadlly In ooneentrated nttile acid and 

moderately well in other mineral acids but is soluble to 
the extent of only 0.3 percent in the spent add after 
manufacture. Table 6*27 lists tetryi solubility in various 
a o Mw ts at the temperatures given. Benzene holds 
more tetryi in solution if a solution with solid tetryi pre- 
sent is cooled to a given temperature than if a mixture of 
banzane and an SKoess of talryl Is haaled to and main- 
tained at a given temperature. At IS'C, 25°C, 35''C, 
45*0, and 55°C, tetryi has respective supersolubility 
valuesof 10.2, 12.2. 14.9, 18.25, and 22.5 and subsolu- 
bMy vahias of only 3.9, 6.5. 7.4. 9.7, and 13.25 grama 
parlOO grama of banana. 
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Tabl»8'27, 8olubmyofT(Bl^lnVm*itm9olmm 



♦ 



Solvent 





crc 


10*C 


2(rc 


30^ 


«rc 


50fC 


60°C 




see 


90*0 


100*0 


12(rC 


WUar 


0.0050 




0.0075 




0.0110 








0.810 


- 


0.184 


- 


Carton 


0^ 




0.015 




0.068 


- 


0.154 












tetrachlorkto 


























Ettter 


0.186 


0.330 


0.418 


0.493 


• 


















0^ 


0.425 


0.563 


0.76 


• 


1.72 


- 


5.33 
at 


- 


- 


- 


- 


CrilO'ofOfm 


0,28 




0.39 




1.20 
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2.65 




- 
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C/anx>n ulSUnia6 




U.U ID 


U.Uci 




















ktnyiene 




4.5 
al 
25-C 












4D 

at 

75'C 










Ao0lon6 




• 


70 




lift 


10D 














TiichlofiMlliylciw 


007 




0.12 
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(2) T«tryl is higMy resistant to atlMk by dnuM 

mineral acids, but does react with concentrated acid or 
weal< basic solutions Trinitrophenyl methylamine (fig- 
ure 8-30) is formed when tetryl reacts with concentrated 
suHMcaoid orwMh phenol. Prelongsdboilinowit^ 
sulfuric acid has no effect. When te'Py'I is boiled with a 
solution of sodium cartwnate, dilute aqueous sodium 
hydroxide, or dilute aqueous potassium hydroxide, the 
nNmnino groupie hydroRied as shown in f^ure 8-31 . If 
this reaction is carried out in a nitrometer in the presence 
of mercury, the nitric acid is reduced to nitric oxide and 
Gsn be measured. In benzene sotuten at onSnary 
temperatures, tetpyl reacts with aniline to forr^ 2 
trinitrodiphenylamine and methyinttramine as shown in 
figure 8-32. Aqueous socfium sulfide decomposes tetryl 
oom|>letely into nonexplosive, water soluble products. 
The reaction is relatively slow unless the solution is 
heated to 8(r to 9(rc. Prolonged heating of tetryl at 
120*C yields picric add. Telryl is reduced and hydro- 
lized to 2,4,6-triaminophenol by the action of tir^ and 
hydrochloric acid. Tetryl and TNT form an addition com- 
pound with a mole ratio of one to two, respectively. An 
addition compound is also formed with naphthalene with 
a mole ratio of one to one. Tetryl forms a eutectic mixture 
with 76.5 percent thnitro-m-xytene that has a melting 
point of 1 18.irC. and with 29.5 psfcenl trinftrosnisole 
that hasa melUfig point of 22J*C. 



0aN-«^|-NO2 
NOi 

Rgun 8-30. TttnllmphM]^ a M tj /^t niim. 



HiC ^N02 
O'N-jjVNOa HQH 

NO2 
OH 



i 



-i-HNiCHa-i-HNQi 



{ 
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NO, 
N0> 



O2N 



NQt 



(3) Anumberofhomologsandanalogsoftelryl 
knomu Figura 6<^ shows some sxamplst. 



QtN 



CHa 



NOi 

METHYLTETRVL 



DlTETnYL 



NQi 



QtN 
HiC 



CHj 



NO2 
TRITETRYL 



ETHYLTETRYL 



(4) Tetryf is fairty resistant to degradation by 
gamma radiation. Exposure to a 1 Curie Co*° source, 
wNch emUs gamma rays «l 1.173 and 1.332 nUMon 
electron vofts, produced some erratic resulb, but on the 
nAxAe ttie changes induced by this exposure were not 
great. A sample exposed to 1.4xio' R passed the 
i2tfC vacuum stBl)illty leet, but a sample exposed to 
1.2x 10' R could only pass the 100'C test and failed in 
the 120°C test. Weight loss increased dramaticatty 
when exposure levels were increased from 1.3 xlO* R 
to 10* R. In-adiated samp es d d not show much change 
over control sannples in the DTA test until exposure 
levels reached 1 .2 x 1 o« R, and even at 1 0" R changes 
were moderaie. The impact aenaKfvNy, detonation 
velocity', and explosion temperature are onlyslighlly 
affected by exposure to gamma radiation 

(5) Tetry I shows negligible reaction with : Adhe> 
sive EC 1099, Dapon lesln, Oelrtn, ^M>Ky 907 adhesive, 

Gafvanoplasi, condudivepaint, Glastimat No, 1 , Lexan. 
Loctite 404 Mdylube No. 18. Permacei PN 112 tape, 
Polyesters, polysulfklerutsber sealant, polyurethane EP 
626/628. RTV 102 and 732 vulcanizing rubbers. Silastic 
RTV731 or732(uncured), Silicone No SE 1 201 and No 
095^)1 1, urea-formaldehyde. Tetryl is also compatible 
wNh the IbllDwing adhaaivas: Adiprane L-100, 1-167 
and LX)-213. and Eastman 910. 

f6) As of 1979 the United States has discorv 
tinued the use of tetryl. No new components are being 
designed wNh tetryl. and aii oomponenis that contained 
tabyl are being redesigned to eliminate the tetryl. The 
reason for this action is the relative instability of tetryl 
after storage at elevated temperatures. Various NATO 
naHons have not dtaoonHnuad tatiyrs use in boosters 
and lead charges. 

(7) Two methods have been used extensively 
for the manufacture of tetryl. The first method uses 
methyiamine (CHsNHi), a cheap commercial buic 

chemical, in the production of dinilrophenylrr^ethylamine 
from 2,4- or 2,6-dtnitroct>lorobenzene by the reaction: 

HCl+C»I^N0»)aNH.Ci4» 
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This can be nitrated to tetryt with relative ease, A coiv 
siderabie amount o( t«Uyl was prepare<] t>y this method 
in «w Unftod SMm during Wofid Wkr II. A ¥wMlon on 

this method is used at The pres©ntlifn«in Germany . The 
reaction between the 2.4- or 2,6-diniirochlorobenzene 
tnd methyiamint itcaifiod outin the pweence of 
iodkim hydroxide. The dinitrophenylfnethylamine is 
then dissolved in sulfuric acid, which is made up from 
spent aod ano contains some nitnc acid, oxides at nltro- 
OMi ind ISoeraeMwoier. TMeeohiMon ielhen eddedin 
mixed acid containing 78 percent nitric acid, 6 percent 
•uifunc acid, and 16 percent water. The second method 
meodhwoftylinHnoittfto ilirtInQ iwilodil. The use of 
dimethylaniline has the disadvantage of requiring nitric 
acid for the reniovai of one methyi groMP by OMi d alion 
according to I he equation: 

IC,HjN ( CH J ) j+ 1 OHNOj . . 
( NO, ) ,C^H { NO, ) CH,+6NO,+CO,+8H,0 

This disadvantage is not shared t}y the first proceso 

described above Direct nitration of dimethylaniline pro- 
ceeds so violently that the reaction can be earned out 
onltf under aoedfllMd rnndWnn t The dim e diwl a nlllne 
is converted to dimethylaniline suffate by dissoMng one 
part of the chemicai in 14.4 parts of 96 to 99 percent 
•ulfurie odd «l StfC to 3(rC. Many years experienoe In 
tetryl manufacture has shown that the ratio of sulfuric 
acid to dimethylaniline should not be lower than 3:1, 
Since a smaller amount of sulhiric actd may be detri- 
iiiintol to die nNraHon procoii. HowoweCt dio nllo of 
sulfuric acid to dimethylaniline must not be too high. 
othenMtse tetryi y»eid is decreased. SuMonation of the 
benzene ring will ooeur if the temporaiure is not main* 
lained between 20*C and 40*C. A quantity of 1 5.4 parts 
of the solution of dimethylaniline sulfate is added in a 
nitrator to 9.2 pans of mixed aod which contains 66.7 
pmnt nNrle add. 15J peraefil ouMiirfc acid, and 17.S 
percent water. The contents otthe nitrator are heated to 
d8*C then healing is discontinued This step involves a 
laaeiion that oxidfzes a methyl group and is highly 
exothermic The lemperature of the reaction mufltba 
maintained at SO'C to 72*C t>y external means, if neces- 
sary. For safe and efficient nitration, very vigorous stir- 
ring It essential to ensure that dia reading Kquldt an 

mixed almost instantaneously The mixture is kept in 
lllis nitrator for a very short period, so the reaction may 
be incomplete. The contents of the nitrator are dis- 
diarged via an overfan to a larger reactor that is also 

equipped with a stirrer. In this reactor, which is main- 
tained at 7(yC. the reaction is completed. Commercial 
dimettiylanilne ooniaina some methylBnillne wtiidi Is 
nitraied to 2.3,4,6-tetranitrophenyfnitramine (alsocalsd 
m-nitroethyi) which in turn is readHy hydrolyzed to 



2.4,6-trir»itro-3-hydroxyphenylmethylnitramine The 
nitration and hydrolysis are shown in figure 8-34. The 
compound formed la nadHy soMda m wHar and aaoljf 
removed If the water content of tt>e mixed acid is too 
high, benzene insoiubte impurities are formed which are 
Denziame oenvanves. i ne oenvnvas aro anoam m ng- 
ure 8-35. After the reaction is completed in tfie reactor, 
tf>e liquid which contains partialy crystaHfzed tetryl is 
allowed to run into a crystallizer which is maintained at 
ao*C. The cryataMxed product la dMhaigad 10 • «ao> 
uum filter where the tetn^l is collected and the spent add 
is passed on to be renitrated. Tetryl must then bo 
purtRsdoarafuly to ramova any MranNiouompound and 
occluded acidity, which tiave adverse effects on the 
stability of tetryl. Most of tf»e addity is 'amoved t>y 
washing with cold water. Treatment with boiiiftg water 
daoompoaas any latranilrooofnpound piaaanl and 
removes any products. If benzene is used as a solvent, 
the crude tetryi is dissolved, the solution is washed with 
water to ramova laaldualaddKtf andfUaredltirBnHwe 
insoluble matter. Upon cooling the solution, the tetryl is 
predpitated, separated, and dried If acetorw is used as 
the solvent, the solution is neutralized and liitered ar>d 
W9 leiryi ■ praisipNBiBO oy menng oio l oaaion wnn 
water The acetone purification process is carried out on 
a continuous basis, while that with benzene is operated 
as a iMNoh praeaas. In the lab. high purity tetryl can be 
obtained by nitrating dimethylaniline with nitric add. not 
mixed add, in the presence of inert solvents such as 
dicftioromethane, chloroform, or cartx)n tetrachloride. 
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FigunB'34. Nitration ana h/dro/l$i9 of nMhylviHin: 
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F/0ure 8-35. Benzidine derivatives during tetryl 
mmufactun. 



(8) One grade of tetryl is specified tor mititaiy 
purp<»es. This complies with the following require- 



Light yellow 

Maximum, 0.10 percent 
Maximum, 0.10 percent 
Spoftieles 

Maximum, 0 02 percent 
Minimum, 128.8°C; 
maximum, 129.5°C 



Color: 

Moisture and 

volatiles: 
Toluene insoluble 

matter: 
Grit: 

Acidity" 

Melting point: 



Granulation: Peroent through US elandard sieve: 

No. 12. minimum 100 

No. 16, minimunn 96 
No. 30, minimum 
No. 40, maximum 

No. 60, maximum 30 

No, 100, maximum 5 



A raquifemerit aieo eMisle for an Ipifrared spectrum vvitti 

only certain specified peaks and no extrarwous peaks. 
The requirefnent with respect to insoiubie matter is 



irKluded because of the marked desensitizing effect of 
such impurities. Freedom from grit is required t}ecause 
Of the aftad Of gm on sensMvlty 10 Impact and Mclion. 

(9) Impact and rifle tMjiet tests indteale tetryl is 
mora aensiflve llian TNT. The pendulum friction test, 
however, produces no detonations with the steel shoe. 
The explosion temperature test value of tetryi is much 
hwer than that of TNT. Fbr tstryl dropped on a haaiad 
copper surteoe ttie rasuNs in labia 6-28 ware raportsd. 

TMbS'ZB. Hettt fnmtkm of Tetryl 





Tims to «xpkMion 


TemparaiuM in *C 


NiMOondi 


9oe 


0.4 


280 


1.1 


260 


2.0 


236 


6.2 


SUgtHly different reeults m 


m obtained wHh confined 


samples of tetryl. The explosion times for 25 milligrams 


Of tetryl in copper shells of 0.635 millimeter diameter 


submerged in a hot wooda 


\ metal ba8« aia shown in 


table 0-20. 




Tabte 8-29. Heat Initiation ot Confined Tetryl 




Time 10 explosion 


Temperalur« in *C 


in seconds 


360 


0.325 


346 


0.425 


329 


0.662 


285 


1.45 


280 




264 


Does not detonate 



When a 0.5 gram sample of tetryl is heated at a rate of 
20°C per minute, ignition occurs between 1 90'C and 
194^. tt the temperature of a sample Is held at 180*C 

ignition occurs in 40 seconds. The mmimum pHmap/ 
charges necessary for reliable detonation of tetryl with 
mereury fulminate is 0.20 to 0.29 grams and wHh lead 
azide is 0.025 to 0.10 grams. Tetryl containing 60 per- 
cent water cannot be detonated by a commercial deto- 
nator. Shock sensitivity as measured by the gap tests 
are summarized in table 8*30. 
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Table 3-30 Gap Test Results for Tetryl 





Dwisrty 
granM par cubic 


Paraant 
voidi 


SensltMty 
in 

ifilllnnaiaiB 


NSWC smaM seals gap test 


1.687 




7.80 


1.434 


17.1 


11.96 


LANL small scale gap teat 


1 .684 (pressed) 


2.7 


3.84 


1.676 (pressed) 


3.1 


4.04 




0.93 (bulk) 


46.2 


7.44 


LANL large scale gap test 


1.690 (not pressed) 


2.3 


59.62 


1 .666 (pressed) 


3 7 


60.60 




0.85 (bulk) 


50.9 


69.2 



The shock sensNMly of a Itghtly confined sample 

decreases as temperature decreases, but confined 
samples show only a slight tendency toward reduced 
shock aensilivity. Pertide size has an effect on shock 
sensitivity. As the particle size decrpases the shock 
sensitivity increases. Deflagration can also be initiated 
by shock. For coarse tetryl with a density of 1 .65 grams 
per cubic centimeter in a 21 millimeter diameter plexi- 
glas tube, the deflagration threshold pressure is 12 1 to 
14 kilobar, as compared to 18 kik>bar for detonation. 
Tetryl's sensMvity to shock initiation by an explosive 
bridge wire is dependent on particle si.''o and crystal 
habit. The sensitivity decreases as packing density 
increases. In studies of tetryl's sensitivity to initiation by 
laser beams, no initiation occurred upon direct exposure 
lo the br>arr> But if 'he tctn/i sample was coated with a 
thin metal film, initiation was obaarvad at a densify of 
1.06 grams per cuWc centimeter. With higher derMity 
tetryl no inWatkm oooiarred. 

(10) At a density of about 1 60 qram5 per cubic 
centimeter, the sand test Indicates a brisance of 1 13 to 
123 percent of TNT, the copper cylinder compresskm 
test indicates 11 7 to 1 25 percent, the lead block com- 
pression test indicates 112 percent, the ptate dent test 
indicates 1 1 5 percent, and the fragmentation effect test 
indteates 1 21 percent. The ideal delonaltonvetodly as a 
function of density is given by the equation: 

O=5e00+3a25<p-1) 

where D, the detonation velocity, is in units of meters per 
second and p, the density, Is in grams per cubic cen- 
timeter. This equation yields slightly higher values than 
have been observed by other researchers. Low velocity 
detonation has been observed when coarse tetryl is 
Mfeakly initiated. Behw a oartain dtauneler. whidi varies 
with particle size, low velocity detonation can be stat)le 
for lengths up to 25 charge diameters. Above this 
diameter taw velocity detonatkm is stable for only dis- 



tances of 2to4cl)aige diameters, at which point there is 

a transition to normal detonation velocity. Table 8-31 
summarizes the dependence of transition diameter, 
minimum diameterfbr low vetodty detonatton. minimum 
diameter for normal detonation, and the approximate 
speed for low velocity detonation on particle size for 0.9 
grams per cubic centimeter tetryl. Low velocity detona- 
tk>n is rK>t affected by the initiating power of the deto> 
nator. provided the detonator is weak enough not to 
initiate normal detonation. For charge diameters 
between the minimum diameter for low velocity detona- 
tion and minimum diameter for normal detonation, even 
powerful initiators will produce only steady, low velocity 
detonation, provided the charge is of sufficient strength. 
Low velocity detonatkm is maximum at the transition 
diameter Thi<^ veinci'v s virfv.'ally independent of parti- 
cle Size and even type of explosive. TNT, PETN, RDX, 
and tetryl alf trave the same maximum taw vetacity deto- 
nation. Expenments with oil coated or crushed particles 
suggest that the main reaction in low velocity detonation 
is surface combustion. The power of tetryl by the ballistic 
pendulum teat ia 145 percent that of TNT, by the ballistic 
mortar test 126 to 132 percent of TNT, andby theTrauzl 
test 125 to 145 percent of TNT. The heat of detonation 
as a functnn of density is given by the equation: 

Q=6B0+282p 

where O is in units of catories per gram and p. tlie 

density, is in grams per cubic centimeter. The values 
given by the above equation tall short of the computed 
values for an Meal detonation. Point initiation studies 
with tetryl at a density of 1 51 grams per cubic centime- 
ter indicate that the radius of curvature of the detonation 
front increases with charge length in the manner 
expected tor spherical expanston of the front. The radnjs 
of curvature is also a function of the particle size and 
packing density of the explosive. The apparatus shown 
in figure 6'36 was used to study the deflagration to 
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detonation transfer in tetryl. After ignition, tfie length of 
the column before detonation occurs is determined by 
I the markings on the tube fragments recovered. This 
result Is ctiedced with the ionization probe and strain 

gage records for cons'stency. The results for coarse 
teUyl with a particle size of 470 microns and fine tetryl 
iivHh a pallida Size of 20 microns are pioNsd in figure 
8-37. According to the graph, both fine and coarse tetryl 
show the same effects of compaction on oredetonation 
column length, which is nearly constant at low density. 
wWi IncfMring values at 75 percent density. At a given 
density, the fine tetryl has a greater predetonat-on col- 
umn length than the coarse, as well as longer relative 
time tt» detonation, in the experiments vvith tetryi, the 
ionization probes frequently failed to respond because 
the decomposition products formed shortly after ignition 
have such a high electrical resistance. Another unique 
Characteristic ol tslryl Is that the onset of aocelerBted 



burning is located nearer to the onset of detonation than 
the ignition region. Both of these effects are attributed to 
the low temperature ol decomposition of tetryi. The 
addition of 3 percent wax toa sampiechangee the InHiai 
low temperature decomposition to behavior typical of 
other explosives, with accelerated burning starting 
sooner. The burning rale of tetryi is not greatly affected 
by the initial temperature of the sample; the rate 
increasing by less than a factor of two for a temperature 
difference of lOO'C. The Durning rate decreases with 
additions of smal amounts of water, and incraases with 
irtcreasing ambient pressure. 

(11) Figure 8-38 shows the amount of gas 
evoived by tetryl as a function of temperature and time. 
The pressnce of picric acid tends to accelerate the 
evolution of gas, while trinitroanisole or trinitroaniline 
tend to slow the evolution of gas. Table 8-32 shov^ the 
composition of the gaseous products of tetryi decom- 
position. 



Table 8-31, Ljow Velocity Detonation in Tetryl 



Particle »ze 
In millimelers 


Minimum diameter 
lor low velocity 

OMOfmiDII 


Minimum diameter 
for normal detonation 
III inillfflfllds 


Transition 
diameter 

in 

mMNnMtwv 


Minimum 
low velocity 
detonation 
in kiionietera 
p«r*Mond 


Maximum 
low velocity 
detonation 
in kitometare 


0.5 


7 


13 


13 


1.4 


2.1 


0.8 


9 


16 


16 


1.3 


2.3 


13 


12 


20 


21 


1.3 


2.2 



D 




A - 


IGNITER BOLT 


B - 


tGNITER 


C - 


IGNITER EXPLOSIVE INTERFACE 


D - 


STRAIN GAGES 


E - 


IONIZATION PROBE LOCATION 


F - 


EXPLOSIVE CHARGE 


G ■ 


TUBE 


H - 


BOTTOM CLOSURE 



INNBt DIAMETER » 16.3MM 

OLTTER DIAMETER - 50.8MM 

DISTANCE FROM IGNITER/EXPLOSIVE INTERFACE TO BOTTOM CLOSURE 295 4MM 

Figure 8^. Deih9^ation to detonation transler apparatus. 
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FiQure d-3d. Kinetic gas-evoiution cwves in Oie 
dBOompoamon of tetr^. 



Tadte B-$2. Compo^lon of Gtaeoua Product of Tetryl DecompoaMon 





MolMOf 


CkHnpotiUon of dry QM 


1 




CompoMton ol gM, m 


mtM put 






gas par 

mole o( 




violiim6% 














Time 




















mtns 


teiryl 


CO, 


CO 


NO 




COj 


CO 




NO 




221 


0.650 


23 6 


10.6 


4.3 


61.5 


0.134 


0 060 


0.016 


0.024 


0.348 


1530 


2.208 


25.9 


12.0 


5.3 


56.8 


0.493 


0.229 


0.000 


0.101 


1.080 


40 


0.450 


25.1 


10.9 


S.0 


59.0 


0.087 


0.035 


0.021 


0.017 


0.204 


50 


0.667 


24.5 


11.3 


6.3 


57.9 


0.124 


0.057 


0.018 


0.032 


0.282 


80 


1.338 


23.9 


11.1 


8.2 


56.8 


0.243 


0.113 


0.031 


0.084 


0.578 


110 


1.808 


24.3 


10.8 


8.1 


56.8 


0.358 


0.158 


« 


0.118 


0.838 


140 


2 010 


25 2 


11.5 


8.5 


54.8 


0.420 


0.193 


0.016 


0.143 


0.925 


200 


2.149 


25.1 


11.8 


8.6 


54.5 


0.448 


0.210 ' 


0 004 


0.153 


0.972 


422 


2.304 


25.7 


12.1 


8.2 


54.0 


0.491 


0.231 


0.001 


0.156 


1.030 


1440 


2.674 


27.8 


13.4 


8.4 


50.4 


0.624 


0.302 


0 


0.190 


0.130 


40 


1.950 


24.5 


11.6 


8.8 


55.1 


0397 


0 188 


0.023 


0.142 


0.892 


382 


2,572 


27.7 


12.7 


9.6 


50.0 


0.584 


0.268 


0.003 


0.202 


1.060 



Table 8-33 shows the composition of the condensed 
phase as a function of time for tttryl tfwt lias tMon 
heated at 160°C. 



( 
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Tabto 8^ Composition of Condensed Pheee Tetryl 



1 IfiW 

nun 


WiioM ol raMua 

M%flf 

tmufii qiMntny 

off HnRII 




MolMpif moto of tolryl 


Tslrv4 


anisol9 


Add 


Kl motfri;! ^ ft- 

ri-mtit'i y) - £ , H .o* 
trinitroanUind 


2S 


95.6 


0J32 


0.073 


0.037 


0.030 


4S 


90.0 




0.195 




0.034 


56 


86.9 


0.494 


0.26S 


0.094 


0.045 


70 


83.8 




0.295 


0.113 




90 


80.5 


0.227 


0.412 


0.131 


0.072 


111 


78.2 




0.503 






145 


75.9 


0.029 


0.525 


0.160 


(MMS 


300 


74.2 


0.019 


0.478 


0.204 


0.047 


400 


73.2 




0.463 






1440 


09.0 


0 


0.110 


0^24 


Oj031 



The heat of reaction for the slow decomposition of tetryl 
is 32% to 341 calories per gram. Vacuum statMlity tests 
show tetryl to be less stable than TNT. The DTA curve 
for tetryl is shown in figure 8-39 and ttte TGA curve is 
shown in figure 8-40 Amrnunitlon that has been loaded 
with tetryl cannot be stored at temperatures greater than 
12S*. This is spacHtealy wtiy ttw UniM 8MM hM 
discontinued the use of 9liS explosive Totryl corrodes 
Steel heavily. Slight corrosion is reported for iron, zinc, 
zinc ptalsd steel, tin platsd steel, parksrizsd sissl. 
brass, and monel metal. Tetryl does not react with cop- 
per fin nickel, lead, copper plated steel, bronze, stain* 
less steel, cadmium, aluminium, silver, and titanium. 
Tsbyl fraqusnOy is ussd wNIi ons to Mm) psvosnt of a 
t)irxiir>g agent or lubricant, such as graphite stearic 
acid, or magnssium stesrate; and has been found to be 
compatible with such materials as well as Mack pow<1er. 

8-4. NltfMiromatica. Compounds in this class are 
prepared by C-type nltrsHon in which a nitrogroup is 
attached to a carbon atom of tiw compound boing 

nitrated 

a. Ammonium Pfcrate. 

(1 ) This explosive is also known as ammonium 
2,4.6-lriniliophonolate, explosive D, and Ounnito. Ttis 
compound Olgure 8-41) has a nitrogen content of 22.77 
percent, an oxygen balance to COz of -52 percent a 
maximum crystal density of 1 .71 7 grams per cubic can- 
ttmolBr, a nominal dsnsHy of 1 .63 grams par cubic csr^ 
timeter, a melting point with decomposition of about 
260°C and a molecular weight of 246. Ammonium pic- 



rate exists in a stabte form as yeHow monoclinic crystals 
and a meta stable form as red. orthorhomt>tc crystals. 
The unit call dlmonirions are a »1d.45 Angsboms, 
b =19.74 Angstroms, and c ^7,12 Angstroms. Tf»e 
compound manufactured for military' use is yellow to 
orange m color. Table 6-34 lists the density of ammo- 
nium pieralo as s function of loadtoQ prsssurs^ 



raMs9-34. Density of Ammof^um PIcme 





PlMMUWln 






poundKptr 


grsmtpsr 




SQUsrs iMh 


cutiic c#fitifnotof 


20.685 


3.000 


1.33 


34,475 


5,000 


1.41 


68,950 


10,000 


1.47 


82,740 


12.000 


1.49 


103,425 


15,000 


1 51 


137,900 


20,000 


1.53 


344.750 


50.000 


1.59 


689.900 


100.000 


1.64 



The refractive index at 20°C is: alpha. 1.508; beta. 
1.870: and gamma. 1.907. The Iwat of combustion of 
ammonium piorale at constant pressure is 2,745 
calories per gram from which is derived a heat of forma- 
tion value ot 95.82 Kilogram-calories per mole. The heat 
of explosion is 706 calorias par gnm. Tsblo 8-35 Ists 
the solubility of ammonium picrals In varloussolvsnlsas 
a furuition of temiMrature. 
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RgwB 8-40. TGA cwve for totryl. 
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TaJjie 8-36. SoiubtUty ot Ammonium Picrate 



Soltftni 
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MM pir 100 gnmt of aolM 
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crc 


urc 


20*0 


30*0 
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acre 


100*C 


Water 




0.70 


102 








75 


Ethanol 


0.51 


0.69 


0.86 


1.05 


1.89 


3.62 




EHiylaoolito 


0.29 


0.30 


0.34 


0.38 


0.45 


0.56 




Acetone 




m 




2.85 




• 




Octyl alcohol 


* 




0.2 
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• 




2src 


• 
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0NH4 



NOa 



V 



NOi 

f9gum$-41. Slructunifdmwlafor 



In flttianol, ammonium picrale cHsaolvee very slowly and 
atomr aap w al i on occurs wt>en ttw adution is left starxl- 

ing. The solubility in ether is very slight Ammonium 
picrate. t>ecau8e ot an extreme inseneitivity to shock, is 
iiMd In vmor plafiQino prailaclilaa. Tha oompound la 
I uaail In Jal aaalalBd Mkaoir unNa for aireralt 



(2) Chemically, ammonium picrate ts not very 
reactive. Decomposition by alkalies yields picric add 
Bn6 amnK>nia. This reaction is the basis ot one of the 
methodsfordelannlninottwpurtlyof Ihe malarW. Whan 
maintained at the melting point, ammonium picrala 
decomposes to the same products. At 0*0 an 
aqutoiolaoular amount ol ammonia la tefbad, but «t 
20PC Ihia la loat by votadizaHon. 

f3) The manufacture of ammonium picrate is 
relatively simple. Picric acid, which la only partiaiiy soJu- 
Ma in waiar, la auapandad in hot waiar and neutralized 
by the addition of gaseous or aqueous amnionia. The 
picrate, which is more soluble in water, is formed and 
immediately goes into solution. The reaction is slightly 
amihannle. On cooNng the solution, the ammonium 
picrate separates out. If a marked excess of ammonia is 
ij»ed. the red form iaoiXalnadao care must be taken to 
avoid thia and obtain tha yaHow form. Tha yalk>w form 
has a higher bulk density than the red and can be 
pressed better The separated crystals are washed with 
cold water to remove any free ammonia present and 
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(4) The specifications for ammonium picrate 
cover one grade of material representing two classes 
mM» rsspadlo granuMon. Class 1 malsflal. «Meh is 



the coarser of the two Classes, is intended for use in th^ 
press-loading of sholls, while class 2 is used (or the 
■namitaoiiifs of pteraM snd oitwr ooniposllions. Ths 
ffsqulrefnents are as follows: 





UMS 1 


^ A 

GMMZ 


Surface moisture and volatile contMit maxlniuiii: 


aio 




Total moisture content (%), maximum: 


m 


0.2 


Ammonium picrate punty (%), minimum: 


99 


99 


SuHiMM <as sulhiite add) (%). maximum: 


0.10 


0.10 


Cntofoform insoluble impurties (%), maximum: 


0.10 


• 


Water insoiut)le material CVo). maximum: 


0.10 


0.10 


frritant oonlaminants as parts 


SO 




chlorine per million, maximum: 






Ash (%), maximum 


0.1 


0.1 


Acidity and alkalinity (as picric acid or 






ammonia maximum: 


0.02S 


0J02S 


rnlnr 


YaIIoim In 






orange 


orange 


Granutatton (US standani siavoa) 






Percent through No. 12 sieve, minimum 


99.9 




Percent through No. 40 sieve, minimum 




99.6 


Paicant retained on No. 70 sieve, minimum 


60 


« 


Peroent rsMnad on No. 70 sieve, maximum 




20 


Percent through No. 200 sieve, maximum 


S 





The picric acid used to make class 2 ammonium picrate 
shall bo made by the nilralion of phenol and shall oor»- 

tain no material salvaged from trimmings or from loading 
operations. Class 2 ammonium picrate shall contain no 
teworked ammonium picrate made by way ol any pro- 
cess other than the phenol nitration process. The Irrftant 
contaminants requirement is not applicable to ammo- 
nium picrate made from picric acid produced by the 
nitration of phenol. The color requirement Is inlsnded to 
cover the unavoidable presence of a small amount of 
the red form of ammonium picrate in admixture with the 
yeflow form. The requirement with respect to imtant 
oontamlnants represents a control of the purity of picric 
acid used in manufacture when this is made by the 
dinitrochlortjenzene process. The chloroform soluble 
matter rsqufrsmont also represents a control of tiM 
nature of impurities present in picric acid manufactured 
by a process other tf>an the nitration of phenol 

(5) Ammonium picrate is distinctly (ess sensi- 
tive to Imisaet than TNT and is unaffsded by the sisel 
shoe in the pendulum friction test. A slightly greater 
sensitivity is indicated by the rifle bullet impact test with 
tttree partially burned samples in ten trials. Th^ is attrib- 



i4ed to the lower temperature required tor explosion for 
ammonium picrais, 319% in 4hw ssoond laat, as 

opposed to 457*C for TMT. Tf»e time to explosioo asa 
function of temperature is shown in table 8-36. 

Table 8-36. Ammonium Picrate 



inw n Moonw 


Temperature in 


0.1 


405 


1 


367 


5 


318 


10 


314 


15 


299 


20 


295 



The low degree of sensitivity of ammonium picrate to 
impact is paralleled by a relative Insensitivity to initiation. 
In the sand test, ammonium picrate is not deionated 
complsloly by aittisr toad azida or mercury fulminate. A 
tX)oster charge of 0 06 gram of tetryl is required for 
complete detonation, in this test, a minimum charge of 
0.26 gram of dlanodbiHreplianoi dslonaloa ammonium 
picrate but a charge of only 0. 1 5 gram is required for the 
detonation of TNT. The minimum charge of mercury 
fulminate required to initiate 0.4 grtuns of ammonium 



8-S8 
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picrate loaded at atx>ut 200 atmospheres of pressure is 
0.85 grams versus 0.26 grams of mercury fulminale 

necessary to initiate 0.4 grams ot TNT Moisture has a 
marked effect on the sensitivity of ammonium ptcrate to 
injtiation. The presence of 0.5, 1 .0, and 2.0 percent <rf 
moisiure requires increases in the minimum detonating 
charge of tetryl to 0.09, 0.11, and 0,14 gram, respec- 
tively. Storage of either the yellow or red form at 50°C for 
IMN) yeere causes such an increase In sensMvily that 
initiation by mercurv fijir-iinate alone 's possible. Sut>- 
sequent storage ot the yellow form at magazine temper- 
atures for two years causes desensitization to such an 
sxlsnt ttiat a booster charge to tetryl is required for 
complete detonation and four years of such storage is 
required for return to the original condition of insensitiv- 
ity. Storage at SO*C has the same effect on the eensltiv' 
iry of rod ammonium picrate but subsequent storage at 
magazine temperatures for four years merely increases 
the minimum detonating charge of mercury fulminate 
Hum 0.23 to 0.29 gram. The changes In sensitivity are 
not accomrjairpd by any change in brisance or in color. 
In an electrostatic sensitivity test tor material that 
passee through a 100 meeh sieve, an energy of 6.0 
joules was required for confined material and 0.025 
joules for unconfined material. Ammonium picrate 
which has been pressed into and removed from projec- 
tlss or other ammo is much more sensitive to shock 
than new or unused material Therefore, reclaimed 
material should not be pressed or loaded into ammo 
asms unW after recrystaMzatlon. 

(6) In the sand test, 37.5 grams to 39.5 grams 
of sand are crushed, which indicates a brisance of 78 to 
82.5 percent of TNT The plate dent test indicates a 
t)ri8ance of 91 percent of TNT for a charge of ammonium 
pioBte wHh a density of 1 .50 grams per cubic centime- 
ter. Fragmentation tests indicate a brisance of 91 per- 
cent, 96 percent and 99 percent of TNT for charges that 
have been pressed to density values of 1 .50, 1 .53, and 
1.55. respectively. The approximate velocity of detona- 
tion as a function of density is given by the equation: 

V «960+3600d 

where V is in meters per second and d , the density, is in 
grams per cubic centimeter. A charge diameter of 2.54 
eentimeterswasussdtodstemiinethe above equation. 
The critical diameter for a sample with density of 1 .65 



grams pec cubic centimeter is greater than 25.4 milli- 
meters. When exjoloded adlabaticaNy at constant vol^ 
ume. ammonium picrate produces a pressure of 8956 
Kilograms per square centimeter when pressed to a 
density of 1.5 grams per cubic centimetsr. and 9553 
kilograms per square centimeter when pressed to a 
density of 1 .6 grams per cubic centimeter. These values 
are 113 percent of the corresponding values for TNT. 
Although the heat of exploaion of ammonium picrate Is 
only 86 percent that of TNT, the ballistic pendulum test 
indicates a power of 98 percent of TNT. This combina- 
tion of brisance and power, almost equal to those of 
TNT. together with relative insensWvity. has made am- 
monium picrate suitable for use in armor piercing pro- 
jectiles. However, the impracticality of melt-loading 
ammonium picrate has led to partial replaeemeni by 
picratol, which can he melt-loaded. When ignited in an 
unconfined state, ammonium picrate bums siowly with- 
out detonation emltHng dense, black smoke. However, 
whw) confined and heated to the ignition temperature, 
an explosion occurs. Complete detonation produces a 
dense, black cloud of smoke with sooty deposits and an 
odor of ammonia. When inoompleie datoiiation occurs, 
yellow smoke s produced along With unbumed ammo- 
nium picrate particles 

(7) Ammonium picrate is of a very high order of 
stability. In the 100°C heat test. 0.1 percent is lost in the 
first 48 hours and0.1 percent inthe second 48 hours. No 
explosions occur in 100 hours In the 130'C heat test 
there is no acidity or explosion in 300 minutes. The 
vacuum stability test at 100^ produced 0.2 cubic cen- 
timeters of gas in 40 hours, at 120°C, 0 4 cubic cen- 
timeters of gas are produced, and at ISO^C, 0 4 cubic 
centimeters of gas are produced. The material has been 
fteind to withstand storage at ordinary temperatures for 
a period of twenty years with no evidence of deteriora- 
tion, and at bOfC tor more than five years without 
marked deterioratkm. IMoisture incrsases amrvKMihjm . 
picrate's reactivity with metals such as lead, potassium, 
copper, and iron. The compounds produced are 
extremely sensitive. This reactivity requires that all pro- 
jectiles toadsd with this material have contact areas 
covered with acid proof paint At 1 0O'C ammonium pic- ' 
rate is compatible with TNT or black powder but under- 
goes reactions wHh nitroglycerin, nilrocenuloae. PETN.t 
or tetryl. Figure 8-42 shows the DTA curae for ammo- 
nium picrate. 
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(1) TNs flNploaive is «too hiKMm as 2,4,6- 

trin !'o-1.3-diaminnbenzene; 2 4.6-trinrtro-7,3- 
teruenediamine UiniUo-m-phenylenediannine; or 
2.4,64rinitRh1 ^daminobenzol and may te nfevrad to 
as DATNB. The compound (figure 8-43) is a yellow, 
crystalline solid with a nitrogen content of 2B.8^ percent, 
a melting point oi 2db'C to 30 rC with decomposition, 
and a moleeular wefgM of 243.14. Two polynwipha of 

DATB have been idenltfied Form I, which is Stable tt> 
217'C, has two moiecules per unU cell and unit oeU 
lengths of a-7.30 Angslioms. b-5.20 Angstroms, 
0= 11 .63 Angstroms. Form II has four molecules per unit 
cell and unit cell lengths of a = 7 76 Angstroms, b =9.04 
Angstroms, c = 1 2.84 Angstroms. The maximum density 
df fpun I is 1.837 grams por cubic cantlmstar and the 
density of form II is 1 815 grams per cubic centimeter. 
The nominal density of DATB is 1 .79 grams per cubic 
csnHwei e r . DATB is slightly soluble fn aoeSe add and 
only very slightly soluble in other solvenia. Hw vapor 
prasaure is given by the equation: 

logp=12.75-7492/r(X) 

fbr92M <r < 178.8^ 

The heat of formation is-97.1 to-119 calories per 
gram, the heat of combustion is - 71 1 5 kilocalories per 
mole, the heat of detonation with liquid water was 
experimentally determined as 980 calories per gram 
and with gaseous twaler, 910 calories per gram. The 
computed maximum values for the heat of delonatkm 



are 1280 calories per gram and 1 1 SO caiofles per gram 

for gaseous and liquid water, respecttveiy.ThespecMc 
heat is given by the equation: 

C^»050+(l.l1xiO ')r- 

(1 J1 X 10-«)P tor 47*0 < r < 20src 

The heirt of subVmation is 138 calories per gram. DATB 

can be used as a pressed exp'osive or SS a IWlllSliC 
modifier in some roci^et propellents. 




FlgunB-43. SiruetunI formula for MTB. 

(2) DAT B can be prepared by nitrating 
m-dichiorobenzene to 2,4,6-tnnitro-1,3- 
dksMorotMnzene end aminaUng in methanol solutions. 
Another method of preparation is by the amination of 
2,4,6-trinitro-3-aminoanisoie. In a third method of prep- 
aration phosphorous oxytrichloride and dipyridinium 
styphnate ere reacted directly at steam bath tempera- 
ture and a suspension of the resulting 2,4,6-trlnitro- 
1.3-dichlorobenzene in methanol is treated with gase- 
oua ammonia. Impact aensMvity is 200 percent that of 
TNT. Table 8^7 ahowa the gap test reaulis for DATB. 



Tabie 8-37. Gap Test RasuOs tor DATB 





Density 

Qrams per cubic 


Percent 
voidt 


Sensitivity 
in nnMNmelers 


NSWC small scale gap test 


1.775 


3.5 


3.28 




1.233 


33 


5.18 


LANL smal scale g^> test 


1.801 fhot pressed) 


2.0 


0.38 




1.714 (pressed) 


8.7 


1.27 


LANL large scale gap test 


1.786 (pressed) 


2.8 


41.88 




1 705 (pressed) 


7.2 


45.36 




0.81 (bulk) 


58 


49.3 


PX gap test 


1.781 


3.2 


17.86 




1.448 


21.3 


19.94 
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(3) Th* detonation velocity is given by the 
aquelion: 

D =2.480 + 2.852P 

wliere D is n kilometers per second and p the density, 
is in grams per cubic centimeter. The failure diameter of 
unoonftned OATB at a density of 1 .81 6 grams per cubic 
centimeter is 5.3mHlinieters. The detonation pressure is 
251 and 259 kilobars for samples with densrties of 1 .780 
and 1.790 grams per cubic centimeter, respectively. 
The plate dent test Indicates a Ixisanceof 120 percent of 
TUT. 

(4) In the vacuum stability test, less than 0.09 

cubic centimeters of gas are evolved in 48 hours at 
120<'C. In the LLNL leactivity test, less than 0.03 cubic 



centimetefs of gas are evolved per 0.25 grains of aam' 

pie in 22 hours at 120*C. Rgure 0-44 shows the OTA 

curve for DATB. 

C. 2,2'4,4' 8 fi Hexanltroazobenzene (HNAB). 

(1 ) This explosive is also known as bis (2.4,6- 
trinitrophenyO-diazene. HNAB forms Wood red prisms 
whan crystallized from nitrobenzene, glacial acetic acid, 
or concentrated nitric acid. The compound (figure 8-45) 
has a melting point of 215''C to 216''C, a molecular 
weight of 452, and a density of 1.79 grams per cubic 

centimeter HNAB has a heat of formation of -58 
to - 67.9 calones per mole and a heat of detonation of 
1.47 kilocalories per gram for liquid water and 1.42 
kilocalories per gram for gaseous waisr. The specHic 

heat r'? 0 3 calories per gram per degree centigrade. 
Table 6-38 shows the gap test results tor HNAB. 



TaMsS-SS. Gap Teat fhmuHt tor HNAB 





Density in 
grams per cubic 


Percent 
voids 


Sensitivity 
in millimeters 


NSWC smaU scale gap test 


1.774 




638 




1.383 




12.04 


UWl small scale gap test 


1.601 pressed 




5.6 



(2) One method of oinaining Hl^B is to treat 
picryi chloride, (N02)3.CeH2.Cl, with hydrazine^ 

HzN NH?, to obtain hexanitrohydrazobenzene. The 
hexanitrohydrazobenzene is then oxidized by nitric acid 
or nftrogsn OKide gas in a glacial aceUc add solulion to 
HNAB The nitrogen oxide gas is obtained from the 
reaction of nitnc acid and AsaOs. Another method of 
obtaining HNAB also involves two steps. The first step is 
to suspend a mixture of dinitrochlorobenzene. 
(N02)2.C6H3.CI wifh hydrazine in hot water that con- 
tains sodium or cateium cart)onate to form tetranitrohy- 
drazobenzene, (NQsh CkHa.NH.HN.C»Ha(N02)2. The 
second step is to treat the tetranitrohydrazobenzene 
with concentrated nitric acid. The nitric acid introduces 
the two required NO2 groups and also oxidizes the 
•Nf<I.Hf4- group to an -N:N- group to fbrm HNAB. 

(3) HNAB is a very powerful and brissnt high 
explosive. At a density of 1 77 grams per cubic cen- 
timeter, the detonation velocity is 7250 meters per sec* 
ond. Power, by the Trauzi test, is 123 pefcent of TNT. 
The DTA curve for HNAB is shown m figure 6-46. 



(HNS). 

(1) Thi»>explosive is also known as hexanilro- 

diphenylethytene or 1.2 bis-(2.4,6-trinitrophenyl)- 
ethylene or 1,1'-(1,2-ethenediyl) bis-(2,4,6- 
trinitrobenzene). The compound (figure 8-47) forms 
yellow needles when oiystallized from nitroben2iOf>e. 
HNS has a nitrogen content of 18.67 percent, a 
molecular weight of 450.24, and a melting point of 
31 6*C. The theoretical maximum density of type I HNS 
is 1.740 grams per cubic centimeter with a nominal 
density of 1 72 grams per cubic centimeter. The crystals 
are orthorhombic with unit cell dimensions of a =22. 13 
Angstroms. b«5.57 Angstroms, c «14.67 Angstroms. At 
the melting point decomposition and expfosrons occur. 
The heat of formation is 13.9 to - 18.7 kilocalones per 
mole, the heat of sublimation is 94.9 calories per gram, 
the heat of detonation with liquid water is 1 .42 kilo- 
calories per gram, and the heat of detonation with gase- 
ous water is 1.36 kilocalories per gram. The specific 
heat is given by the equation: 

Cp =0.201 +(1.27x10 3)7- 

{2.39x10-«)7« for 47^ <T< 220rC 

wtiers Cp is in calories per gram j 
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Figure 8-46. DTA curve for HNAB. 
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HNS is soluble in dimethyl formamide and slightly solu- 
ble in hot acetone, methylethyi ketone, and glacial ace- 
tie acM. HNS Is uawl M a hMt resMant iKKMler eKpkh 
sive and has excellent properties for use in PBXs and 
mikJ detonating fuse end couplers and end boosters. 

(2) HNS can t>e prepared from 2.4,6- 
trinitrobenzyl chloride by heating on a steam bath with 
mathanol oontaining polaaaium tiyvlroKide. HNS has a 
uniquely small cntical diameter of about 0 5 millimeters 
(0.020 inch), is practk^ally insensitive to electrostatic 
spark, is lass ssnsllivs lo impact ttian tetryl, and ia 
radiaiion raaiaianL 

(3) Two typas of HNS ara manutachirad. aa 
shown in tatila 8^. 



raM»9-39. PnpwUM of HNS 



rropsny 


Type 1 


Type II 


Melting point. 'C with decompoaHkM 


316 


319 


Particle size in microns 


1-5 


100-300 


Built density in grams per cubic 


0.32-0.45 


0.45-1.0 


centimeter 






Differential thermal anaiyaia, 


316^ 


325*C 


onset of exotherm 






ElactroaiaHc aparic aanaitfvlty. 


0.001 at 8kv 


0.0001 at ITkv 


fires above, in micro farads 






Friction sensitivity in kilograms per 
oentimetec 


440 


440 


Impact aansitivlty in centimeters. 


44 


61 


Naval Ordnance Lat)orator\' machine 






Vacuum stability at 260°C in cubk: 






centimeters per gram per hour: 






1st 20 minutes 


1.8 


0.3 


Additional hwo hoiNS 


0.6 


0.2 


At 280X 


2.7 


2.7 


Velocity of dalonaliofi in molais 


7000 


7000 


per second at a density of 1.70 






grams per cubic centimeter 






Autoignition point 


325"C 


325X 


Decompoaitton rate at 260'C 


0.1<ya/hour 


Ol^Va^hour 


Heat of combustion, calories per gram 


3451 


3451 


Mean firing voltage for an explosive 


12,950 at 0.9 


12.950 at 0.9 


bridge wire with a one mioiotarad 


grams per cubic 


grams per cubto 


capacitor 


centimeter 


centimeter 


Vapor pressure 


2.9 X 10 8 toir 


2 9x10 »torr 




at 160 C 


160°C 



(4) HNS is half as sensitive to impact as TNT. 
Gap test results for HNS are shown in tat>le 8-40. 
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Table 8-40. Gap Test Results tor HNS 





Density 
in grains per cubic 

^^01 n 1 1 1 1 TT 1 1 




Sonsithnly 


NSWC smoM wale gap test 








HNSI 


1.694 


2 6 


5 18 




1.122 


35.5 


7.06 


HNS II 


1.725 


0.9 


5.46 




1.644 


* 


7.52 




1.322 


24 


9.53 


LANL small scale gap test 








HNSI 


1.660 


4.1 


5.26 




1.566 


10 


5.84 




1.376 


20.9 


6.71 




1.840 (pressed) 


2.1 


2.31 



(5) A? a density of 1 70 grams per cubic cen- 
timeter, the velocity of detonation is 7.000 meters per 
second aixithe datonellon praeaureis 262 Mobars. The 
plate dent teat Micalaa a power of 120 peicant of TNT. 

(6) In the 1 0C°C heat test. HNS loses less than 
1 pemnt weight in 48 hours. Less than one cutMC cen- 
dmater of gae fa evolved In 6m IOOPC vacuun ateUMy 
teal. Figures 6-48 and 8-49 show the DTA and TGA 

curve for HNS. respectively 

e. 1,3,5-Thamino-2.4,6-Trinitrobenzenp (TATB). 

(1) This explosive is also known as 2,4,6- 
1rinitro>1,3,S-benzenetriamine and may be referred to 

asTATNB.TATB (figure 8-50) has a nitrogen content of 
32.56 percent, an oxygen balance to CO? of -55.78 
percent, and a molecular weight of 256.18. TATB is 
yellow but exposure to sunlight oruNraviolat light oauaea 
a green coloration which, with prolonged exposure, 
tumabrown. The compound has a theoretical maximum 
deneily of 1.^7 grams per cubic centimeter and a 

nominal density of 1. 88 grams par cubic centimeter An 
instantaneous hot bar decomposition temperature of 
450*'C to 45 rc was reported with rapid thermal decom- 
poaition above 320''C. The structure of the crystaMne 
iattice of TATB (figure 8-51) contains many unusual 
features. Some of these are the extremely long C-C 
bonds in the berarene ring, the ve«y tfwt ON bonds, 
amino bonds and tfvj six furcated hydrogen bonds. 
Evidence of a strong intermotecular interaction, hydro- 
gen bonds, in TATB is indicated by the lack of an 
observable rnelting point and very low solubility. The 
intermolecular network results tn a graphite-like lattice 
structure with the resulting properties of lutKicity and 
intercaladion. Physical properties of the trfdinic unit 
cell, which consists d two mdseules. are asg.010 



Angstroms b = 9 028 Angstroms, c ^6.812 Angstroms, 
and alphas 108.59°, beta=91.82*'. and gamma= 
1 19.97*. Conttnuous monltorfng of the oei constants of 
TATB between 214''K and 37rK allowed fnr thp calcu- 
lation of a volume change of +5.1 percent for this 
molecular system. Expansion of the pure material is 
almoat exdualvely a function of a 4 percent linear 
inaease n the c axis, which is the perpendicular dis- 
tance between sheets of hydrogen-t>onded TATB 
molecules. The sehJbiilty of TATB is gieater than 20 
percent by weight per volume of solution in super acids 
such as concentrated sulfuric add, chlorosulfonic acid, 
fiuorosuilonic acid, and trifluoromethane sulfuric add. 
Table 8-41 IMS the solubility of TATB In various sol- 
vents. 

TMbha^l. Solubmy of TATB tn Various Solvmts 



CMHVWII 


Sokibtlity. 
InfMUis 
pwiiiiion 


Methanesulfonic acid 


820 


H 0 X a m ethylphosphortriamide 


150 


Ethanesulfonic acid 


120 


DMSO 


70 


Hexafluoroacetone seequihydrate 


68 


N-methyl-2-pyrrolidi none 


58 


N , N-dimethylacetamide 


33 


OMF 


27 


Tetrnmethv''-"''-'Ji 


26 


Dimethyl methylphosphonate 


22 


N,N-dlmethylpropionamide 


16 


6is(dimethylamino)phosphochlorldal9 


14 


Gamma butyrolacetone 


14 


Concentrated nitric acid 


14 
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Table 8-41. Solubility of TATB In 
Vealoua Sotvwts (ConO 





Solubility, 




In parts 




pm RMKMI 


o*IVieTnyiSU iTOIanB 


44 

19 


< y Maine 


1« 


1 rimeinyipnospTiaie 


11 




o 




7 


n"nit;i 1 1 v 1 1 u ' r iiarniUG 


D 


n/ioinyi rneinanBSUiTonaia 


e 
9 


Trimethylphosphite 


4 






OfrrtfitHt/l r^airKoffnAul 

unrTT^iriyi caiDoiiiuyi Gnmniio 




^vcetonnnie 


IS 

3 


^wiic einnyunuo 




TriflNoroacetic add 


3 


Acetic acid 


1 


Hexamethyldisilazane 


(ess than 1 


Trifluoroacetic anhydride 


lets Hum 1 


M A vttfli inr n t a n o 
ntJACIllilUI WCl 1 / rrMrf 


itT3o 11 inn 1 


rOiuanuOiupy > iqi ne 


less inan i 


Perf1uoro-2-i)utylMr«tiydrafUran 


leeslhan 1 


Basic solvents: 




Tetramethytguanidfna 


485 


Bu4NOH, 25% in methanol 


390 


N.N N' N'-Tetramethv'qiycinamidc 


67 



At 131.4"C and 171.3^ TATB has vapor pressures of 
10 ' torr and 10 ^ torr, respectively. At 344,750 and 
441,260 kilopascals (50.000 and 64,000 pounds per 
square inch) the loeding density of TATB is 1 .80 and 
1.89 grams pc cubic centi-neter, respectively, Ther- 
mochemical characteristics inctude a heat of combus- 
tion of 735.9 kilocalories per mole, a lieat ol detonation 
with gaseous watarail. 87 grams per cubic centimeter 
of 1018 calories per gram, a heat of detonation with 
liquid water of 2831 calories per gram, ar>d a heat of 
fonnaiionof-33.46to-d6.65i(ilocaiories per mole. The 
heat of sublimat on s 155 7 calones per gram and the 
heat of reaction during self- heating is 600 calories per 
gram. The heat capacity as a function of temperature is 
given by the equalkm: 

S^Mdffic M ^0^15 +(1.324x10 3) T 

-(2x10 «)P 
forO^ <T <30(rC 

The effects of gamma radiation are shown in table 8-42. 



Table S-4? fffecf*; of Garnma Radtatton on TATB 



Amoufllol 

cobalt 60 

radiation 

R 


OwwMy b6fow 

irradiation 

in grams per 


Dflntkyof hv 

irradlalion in 
grams per 

cubic cenSinotu' 


velocity in 

meters per 

Ij L" C" I J Lj 


pressure in 

kilobars 


Mmptrabira 

ln*C 


Control 


1.84 




7,510 


260 


403 


1.0x10^ 


1.84 


1 84 


7.520 


260 


394 


9.0x10? 


1.85 


1.84 


7.525 


261 


370 


7.4xl0« 


1.82 


1.81 


7.435 


250 


345 



TATB is suitable for use in plastic explosives and in 
explosives mixtures with TNT that can be cast. The 
nujor miitaiy use is in special appneaMons in warheads 



of high speed guided missiles. In this application energy 
is sacrificed but handling safety is gained because the 
main charge remains fnect under the service environ- 
ments of high velocity impact and fire. 
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figure 8-46. DTAourv9torHNS. 
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FRACTION OF 
ORtQINAL SAMPLE 
AS PERCENT OF 
WEIGHT 




NH« 
NOi 

Figun 8*50, Sinicftintf ftjnmita lor TATB. 
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Flow 8-49. TGA curve tor HNS. 




Figure 8-51. Coftfiguration of the TATB molecuie. 
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(2) The preferred method of preparation in tw 
laboratory consists of the nitration of s-trichlofobenzene 
with a mixture of nitric acid and oleum at a temperature 
of 1 50*C for three hours. A tolucNie scrtudon of the trlnl- 
trotrichlorobenzene (TCTNB) produced by the nitration 
is then aminated to yield TATB. The preferred man- 
ufacturing method to produce a particle size greater 
than 20 microns in 96 percent Of tl)e yield, suitable for 
PBXs and normal explosive compounds, is by the par- 
tially patented procedure that follows. The procedure is 
carried out In ttMO steps: a nitratton step and an 

(a) The equipment required is: 

1 A38 liter (10-nallon). qiass-lined Raud- 
ler reactor capable of operation over a range of 20° to 
150^ and prassure of 70 torr to 870 Idiopascais (100 
pounds per square inch), gauge, agitation provided by 
an anchor type blade at speeds of 20 to 200 revolutions 
per n>inute. 

2 A glasMned. oonosnlric tube reflux 
conden s er integral wilh the rsedor. 

3 A 189 liter (50-gallon), stainless steel 
reector with agitator used in ice quenctiing of the nitra- 
lian mixture. 

i T«w>227illir(eo-galon),alainleasre- 
csiveni uead in flUrale storage and lecovery. 

5 A stainless steel, 28 centimeter x 28 
centimeter X 5 centimeter plate and frame filter press, 
doeed ddvecy wasNng type. 

(b) The materials required forihe nilrallon 

step are 2.5 kilograms of TCB with a melting point of 
eS^C to 64'>C, 7.7 Itiiograms of NaNOs granular AR 
■odium nitrale, and S7.2 idiograms of 30 percent oleum. 
The oleum is charged to the glass-lined reactor, and the 
sodium nitrate is then added at a slow rate with full 
agitation. The reaction is quite exotfiermic, and jacltet 
coding is used to keep the temperaHire at 60* to 7DPC. 
When the entire amount of sodium nitrate has bocn 
added and the exothemn peak has passed, the (settle 
oonlsnis are brought to a temperature of 100*C. The 
TCB is then charged to the reactor and steam is applied 
to the jacket to bring the temperature quickly to 145° to 
155°C. The reactor contents are maintained at this 
tempef a twe for a period of four hours. The smaN 
amounts of gas ttiat are produced during the nitration 
are vented through the reflux condenser. At the end of 
Ihefbur hour reaction pedod/the contents are cooled to 
40*C and discharged into Hie 50 gallon stainless steel 
reactor which contains approximately 1 13 kilograms of 
crushed ice. Full agitation is used during this quench 
step and the nitroua fumes aie removed using a water 
sealed vacuum pump. The TCTNB product precipitaies 



In the form of heavy, white crystals. With the stated 
quantity of ice, the temperature during dilution does not 
exceed 40°C, and hydrolysis of the product does not 
occur. The quenched reaction mixture is then pumpad 
through the plate and frame press which discharges into 
a 60 gallon holding tank. Oynei ck>th is used as the 
flltering medium. Only two frames are needed for ttw 
amount of cake produced. The cake is washed with 
several 20 gallon quantities of water, each followed with 
an air bk>w. This is continued until the wash water pH is 6 
to7. The cake is dried in open trays inaforoed draft o v en 
at MX for 16 hours. This completes the nitration step. 

(c) The materials required for the ammation 
step are 2724 grams of the TCTNB produced during the 
nUration slap, 27.24 kilograms of technical grade 
toluene, 681 grams of water, 1044 grams of refrigeration 
grade anhydrous amnr^onia. The quantity of ammonia 
includes the amount for leakage and blow down. The 
TATB yiekJ wW be two Mtograms. First, the JCJHB is 
dissohred In the toluene and the solution is clarified by 
filtration using Celite filter aid t>efore transfer to the 10 
gallon reactor. At this point 67 percent of the oonlani- 
inating ammonium chloride by-product can be elimi- 
nated by adding 681 grams of water The reactor system 
is then sealed and healing is continued until the corv 
tents are at 14S^C. Since the aminelicn step is mod o r- 

ately exothermic, the jacket steam is turned off at this 
ttme. Ammonia gas is then added to the reactor gas 
phase through an opening on the top of the kettle. The 
ammonia is metered through a rotameter at a rate of 
atx)ut 3632 grams per hour When the ammonia over- 
pressure reaches aix)ut 34.5 kilopascais (five pounds 
per equate meh). the reactor system is purged of 

residual air by venting through the reflux condenser 
The system is then reseated and the reaction is con- 
tinued for appftHdmaMy three hours. Itederate SigH»- 
tion is used during this period. During meet of tfie three 
hour reaction period, conducted at 150°C, the pressure 
is maintained at 241.3 to 275.6 kiiopascais (35 to 40 
pounds per equate inch, gauge). This reprasenis an 
ammonia partial pressure of about 34.5 to 69 kilopas- 
cais (5 to 10 pounds per square inch). As the reactkm 
progresses, a smal amount of |aeket hflwting may be 
necessary to maintain the 1 50°C temperature. The t8r> 
mination of the amination reaction is marked by a sharp 
rise in system pressure to about 413.7 kik)pascai8 (60 
pounds per square inch, gauge). After the pnMSUie liae. 
the ammonia flow is shut off and the system is cooled to 
about WC. The system is then vented and approxi- 
mately ten gallons of water is added to the reaction 
mixture with good agitation. The TATB product la rwsow> 
ered by filtratk)n using the plate and frame press 
equipped with cotton cloths backed with filter paper. 
One firame is sulfkiient for the amount of product pn^- 
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duced. The cake is washed three times with 20 gallon 
portions of water, interspersed with air blows This is 
sufficient to remove by-product NH4CI. To dry tne cake 
and f«mow» volatile linpurfties. Ihs cake is steamed ter 
about ten minutes and air-blown before removal from 
the press. The cake is then dried m open trays in a 
forced draft oven at 100*C for ie lioure. 

(d) The yiekJofthisprooess is 89.0 percent of 
the theoretical with 4 percent of the particles below 20 
microns in size. The crystal density of the product is 1 .93 
grama per cutiic centimeter. If water was added during 
the amination process to remove the ammonium 
cfiloride contaminate the amount of chlorir>e impurities 
win IM about 0.2 percent. If no water was added, the 
chlorine impurities wNlamounttoatwut 0.6 percent. The 
process used for the manufacture of finely divided TATB 
suitable for use in t>ooster pellets is siightly different. 
IMng this proeess 82±.S percent of ttie product wiH 
pass through a 20 micron sieve. In this process all the 
amination reactions are conducted in a 100 gallon 
stainless steel reactor heated with 517.125 kilopascals 
(75 pounds per square Incti) steam to the |acket. The 
reactor is fitted with an ammonia inlet a vent tube for 
azeotroping water from the system, and a thermoweil. 
The TCTNB Is flfst dtesolved in toluene in a feed vessel 
and passed through a 1 .5 micrometer in-line filter diffing 
transfer to the reactor. The solution is then heated to 
140*0 and the water azeotroped from the system. The 



ullage is then backfilled with amnr>onia and the tempa^ 
ature brought to 1 50°C The reaction lime varies 
between sjx and eight hours with compietion indicated 
by a drop in ammonia How as measured by the mass 
flowmeter, an increase in system pressure approachlr^g 
the 41 3.7 kilopascals (60 pounds per square inch, 
gauge) of the ammonia rsflulaior and a decrease in the 
heat generated as indicated by the requirenr>ent of mors 
steam to the reactor jacket. Product isolation involves 
cooling the reaction mixture to about 100*0. addir^ 40 
mars of water, and vigorousiy sOnfng for half an hour. 
The warm mixture IS isolated in a plate and frame press, 
washed with SS'O wMer for one hour, and steamed for 
one hour. The praduol la than drlad for a fflkiimum of IS 
hours at atemperatuit>offt1S*Cprforlo8afflpingand 
packaging. 

(3) TATB has an impact sensitivity of 1 1 inches 
by the Picatinny Arsenal apparatus fbrasevenmiHgram 

sample. By the ERL apparatus using a 2 5 kilogram 
weight with type 1 2 tools and without grit, the no detona- 
tion or reaction height is 200 centin>eters. The point of 
50 percent detonatkms is approximately 800 centime* 
ters; the weight energy at this point is about 200 joules. 
Tf>e shock input to cause detonation has been deter- 
mined to be 9600 joulM per square meter. The five 
second explosion temperature test result is 5?ITC, and 
the auto ignition point is 320*0 to 325°C. A charge of 
0.30 grams of lead azkie is required to initiate TATB. 
Table8-43iislsthegaplialre8ull8fbrTATB.Susante8t 
rsaults are shown In figure 8-S2. 



7ab/e 8-43. SmaU Scale Gap Test HeatM for TATB 





Density 
grams per cub«c 
cenlimeter 


Percent 
voids 


Sensitivity 
in milimeters 


NSWC smaii scale gap test 


1.887 


241 


1.12 




1.519 


21.3 


4.12 


LANL small scale gap test 


1.872 (pressed) 


3.4 


0 13 


LANL large scale gap test 


1.766 (pressed) 


2.8 


41.66 




1.705 (pressed) 


7.2 


45.36 




0.81 (bulk) 


56 


49.3 


PX gap test 


1.683 (pressed) 




approxinriately 5.3 




1.861 (pressed) 


4.0 


5.61 




1.700 (pressed) 


12.3 


14.10 




1.09 (buiic) 




10.2- 16.3 
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PROJECntE VELOCITY AT IMPACT • MS 
Fifiun9-S2. Smmi tut nmOa for TATB, 



(4) In the sand test, TATB crushes 42.9 grams 
of sand indtosting a brisance of 90 percent of TNT. The 
detonation velocity as a function of densNy is given by 

the equatk>n: 

D -2.480 +2.e5p 

where D is in lUlometers per second andp, the density. 
is in grams per cubic centimster. This equation yialds 

slightly higher rpsuils than reported by other inves- 
tigators. The detonation pressure tor a sample with a 
density of 1.647 grams per cubic cenKmeter is 259 

kilobars. TaiHe 8-44 lists, as a funct on of density the 
Chapman-Jouguet pressure, energy, and isentropic 
exponent from watershocic measurements. 



Tabl9 9-44. DiOMllon ChameMaSea of TATB 



Density 


Deronation 


UHjO in 




Pmmimm 

explosive 






Detonation 


in grains 


vdloctty 


detonation 


mHjO 


water 


OetoiTation 




energy m 




In (IMors 


meters per 


meters per 


interface 


pressure in 


Isentropic 


calories 




per saoond 


aacond 






VMbtn 


exponent 


persram 


1.80 


7.658 


6.071 


2.685 


163.0 


259.4 


307 


829 


1.50 


6.555 


5,519 


2,303 


126.9 


174.6 


2.71 


808 



The CliapmannJouguet pressure at ciyslal dsnslty is 

calculated to l>e 313 kilobars. Under oxygen deficient 
corxlitions the formation of detonation product gases 
proceeds according to the equation: 

CiHiMaOs ~ 3Hs0(0)-^3CX3(g)'i-3»J3(fl)-i-3C(s) 

(5) TATB has 0KCo9ont HMNiiiirf stafaMy. Dilfoi* 

enlial Scanning Calorimeter measurements show 
exotherms at 330°C and 350°C when run at a heating 
rate of 10°C per minute. In the 100° heat test, approxi- 
mately .17 cubic centimeters of gas are evolved in 48 
hours In the 200'C test for 48 hours 0 5 cub*c centimet- 
ers of gas are evolved; at 220°C for 48 hou^ 2.3 cubic 
oenHmeters aie evolved. At 260*C fbr one hour 
approximately 1.2 cubic centimeters of gas arc evolved. 
At 280°C 2 0 cuisic centimeters of gas are evoived. 
Figure 8-53 shows the DTA curve for TATB. 
f. 2.4,9-TtMlHiMU0ne (TNT). 

(1) This exptoeive is sisolviown as trotyl, loM, 
triton. tritol, trilite. and 1 methyl-2,4,6-trinitrobenzene. 
TNT has been the most widely used military explosive 
from Wortd War I to the preeent time. The advantages of 
TNT include low oost. safety in handling, fairly high 
explosive power, good chemical and thermal stability, 
favorable physical properties, compatibility with other 
sKplosives. alownieMng point favorable for melt easting 



Ofierations, end moderate toxicity. There are six possi- 
ble ring nitrated TNT isomers. The alpha isomer, which 
is the one of military interest (figure 8-54) is symmetrical 
and will be referred to as TNT. The other five meta 
isomers will be identified l>y the Greek letters t>eta 
through eta excluding zeta. TNT is a yellow, crystalline 
compound with a nitrogen content of 18.5 percent, an 
oxygen balance to COt of-73.9 percent, e moleculer 
weight of 227 1 3 and a melting po nt of srrc to 8l'C. 
The freezing point, which is a more reproduceabte 
quantity than the melting point, is used in the specifica- 
tion for the two military types of TNT that are procured. 
The freezing point is very sensitive to impurities. At 
atmospheric pressure, TNT boils at 345''C. Small 
amounts can t>e dtaMed rapidly at atmospheric pres- 
sure without an explosion, but explosions do occur with 
the longer heating periods required for larger quantities. 
TNT boils at 1 90X, 2 10°C to 2 1 2»C. and 245°C to 250*0 
at 2 torr, 10 lo 12 torr. and 50 torr. respectively. Unlike 
some other high explosives TNT does not undergo par- 
tial decomposition when melted. Samples of TNT have 
been melted and soidHied at least 60 times with no 
significant decrease in the freezing point. The effect of 
moisture content on the freezing point is shown in 
table 8-45. 
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T»bhB^ EUKlofMeltlunontlmFnezing 





Fiwzlng point In *C 


V 


ou.ou 


0.1 


80.35 


0.2 


80.20 


0.3 


79.99 


0.5 


79.78 


1.0 


79.09 


2.5 


77.93 


Removal of moisture from a sample of TNT by heating at 


100°C is slow as shown in table 8-46. The sample 


started vvHh a water oonlant of 0.3 pafoenl. 


r«M» 0-49. Aiemoyal 


^laHMstunfmrnTHT 


Hours o< heating 


Fr*«iing point ol 


«10(fC 


aMipltin'C 


0 


79.99 


2 


80.30 


3.5 


80.46 


5 


80.55 


6 


00.59 



At ordinary temperatures TNT is essentially nonvolatile. 
TNT has a crystal density of 1 .654 grams per cubtc 
centimeter, a cast density of 1 .5 to 1 .6 grams per cubic 
centimelar and a maximum pressed density of 1 .63 to 
1 .64 grams per cubic centimeter Table 8-47 shows the 
density ot TNT as a function of loading pressure 
aHhough dansWaa as high as 1.64 grams psr cubic 
centimeter have been reported. 



Tdble 8-47. Density as a Function of 
Loading Pfoasun tor TNT 





Pressure in 


Deraity in grann 


PrMMmM 


pounds por 


por cubic 




iiniiim Indh 


oenMnwIw 


20.685 


3,000 


1.34 


34.475 


5,000 


1.40 


68,950 


10,000 


1.47 


82,740 


12,000 


1.49 


103.425 


15,000 


1.52 


137.900 


20.000 


1.55 



The density of the liquid in the temperature rar>ge of 
83*C lo 1 20*Cla givan as a fundion of temparalure by 
the aquation: 



0» 1.5446 '1.016x10 *t 



where D. the density, is in grams per cubic centimeter 
and f is in degrees oanUgrada. Several crystaMne i 

structures of TNT are known Samples of TNT obtained ' 
by sublimation onto a condensing surface held at a 
tamparahira. 78^. vary dose to the melting point con- 
sist solely of the simple monoclinic form Freezing the 
melts at a temperature very close to the meltmg point 
also yields a monoclinic form. Crystallization from sol- 
vents at foomtamparatura or from Strongly auparooolsd 

melts yield primarily monoclinic variant forms Ortho- 
rtwmbic TNT is formed t>y crystallization from solvents 
at low tempareftiras. The unit oeM dimensions of lha 
monoclinic form are a =21. 275 Angstroms, b =6.093 
Angstroms and c = 15.025 Angstroms with eight 
molecules per unit cell. The unit cell dimensions ot the 
orthoitiomle forni ara a "15.007 Angstroms. b«20.on 
Angstroms, and c=6 Angstroms. At least seven 
morphological types of TNT have been identified. 
Unusual crystal growth has been disanrad when TNT 
crystals are held near the noelting point. Additives havaa 
great effect on the crystallization process Picryl 
chloride induces tne formation of the ortnorhomOic form. 
Other plciyl derivatives, especially 2.4.6 - lrlnHro e 1ilban», 
drastically reduce the linear crystallization rate Two 
compounds, hexanttrobibenzyl (HNB6) ar»d methyt- 
pant a nit f o tf phenyimethane (MPOM). which ara intro- 
duced during the purification phase of manufacture, 
have the same effect These compounds have advera© , 
effects on melt loading operations. Ouhng the melt 
loading operation cradcs and voids lend to form in the 
cast material. The cracks are caused by an 11 percent 
shhni^age in the volun>e of the TNT upon soiidiTication. 
The voids appear iMtwean the grains of tha large ortho- 
rhombic crystals which are formed. A method to pre- 
elude the cracks and voids involves a procedure for 
overcoming the strong tendency of molten TNT to 
supercool witti subsequent slow initlal cryslaMzallon at 
the mefl surface resulting from an insufficiency of crystal 
nuclei. Addition of solid seed TNT crystals to the melt 
wMIe stfning yields a smooth casting with the d s airo d 
vary fine, randomly-oriented, monoclinic crystais. TNT 
prepared in this fashion undergoes irreversible crystal 
growth upon thermal cycling if the maximum tempera- 
lure is above about 3CrC to 3S*C. For temperatures 
above 35''C a linear relationship exists between \he 
growth with a corresponding decrease in density and 
the maximum ten^wrature attained in the cyde. The 
growth correlates with the quantity of impurities present 
However, the high viscosity of the mixture and the fine 
temperature control required, make this procedure 
Impractical. Arother procedure Invohfes the additort of 
less than 2 percent HNS. The crystals formed are 
largely monoclinic and the casts are of sufficient quality. 
This method is a promising procedure, however TNT I 
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surveillance test samples containing 0.5 percent HNS 
submitted to thermal cycling showed increased exuda- 
tk>n, irreversible crystal growth, decreasing density, 
and, eventually, complete crumMng. 

NO? 

Figure 8-54. Structural formula for TNT. 

(2) The viscos'tv of Mqu'd TNT is 0.139 and 
0.095 poise at d^ Q and lOO'C, respectively. The 
leAradive Index values are alpha -1.543, beta »1. 674, 
and gamma-1717 These values indicate a hardness 
of 1.4 on the Mohs scale. The observed molecular re- 
fraction Is 49.6. The surface tension of iquid TNT as a 
frmclion of temperature is shown in table 8-48. 

TaMe 8-48. Surtece Tanslon of Liquid TNT 



Cast TNT wHh a density of 1 .62 grams per cubic cen 
timeter has a compressive strength of 9,515 to 9,653 
kilopascals (1,380 to 1,400 pounds per square inch). 
The dietecMc oonslant, measured at 36 giga hertz, la 
shown in table 8-40 for crystal and flaked TNT. 

TbNp S-49 Dfniectrir Cnn^-Janf of TNT 



in 

per cubic 
centimeter 



0.9 
1.2 
1.5 

1 7 




2.048 
2.347 
2.795 

3 178 



DMmMc comttni, 



2.092 
2.362 
2.773 

3 -?5 



The solubility of TNT In various solvents Is shown in 

table 8-50. Over the range of 82"C to gS'C molten TfIT 
absorbs 3.22 milliliters of air per 1 00 grams of TNT. The 
approximate specific heat of TNT in calories per gram 
per degree centigrade is given by the equaflons: 





Surface (emlon 




in dynes per 


Temperaiufo in *C 


centinteter 


80 


47.07 


85 


46.63 


87.6 


46.36 


90 


46.04 


95 


45.62 



0.254 + (7.5 X 10 *)r 
0.329 +(5.5 X 10-^)7 



T < 80.5'C 
7 > 80.5^ 



Additional information concerning the specific heat, 
entropy, and enthalpy of TNT is available in table 8-51 . 
Please note the difference In unHs from the above data. 



7aM0 8-5O. SolumyotTNT 





SolubiKtv in grams per lOO grams of solvent at "C 


0 


20 


2S 


30 


40 


SO 


60 


75 


Ethanol (9S%») 


0.65 


1.23 


1 48 


1 80 




4 61 




19.5 


Ether 


1.73 


3 29 


3 80 


4.56 










Acetone 


57 


109 


132 


156 




346 




• 


Carbon tetrachloikle 


0.20 


0.66 


0.62 


1.01 




3.23 




24.35 


Chloroform 


6 


19 


25 


32.5 




150 






Ethylene chloride 




18.7 


22 


29 




97 






Benzene 


13 


67 


86 


113 




284 






Toluene 


28 


55 


67 


84 




208 




* 


Cart>on disulfide 


0.14 


0.48 


0.63 


0 85 










Methyl acetate 




72.1 


60 


99 




260 




* 


Triaoetin 






37.7 












Butyl carbitoi acetate 




24 














Sulfuric acid 




4 














N.N-dimelhytformaide 


90 


ll9at1S^ 


142 










• 


Dimethyl sulfoxide 






128 










• 


1 -Methyl-2-pynolidinone 






118 




• 








Pyridine 




137 
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80 


lubMyinflran 


w par 1000 


WM Cll Will 


Mntal*C 








0 


20 


25 


30 


40 


50 


60 


75 


Chlorobenzene 
1,2 0ichloroe1tiane 

Diethyl ether 

Trichloroethyiene 

Methanol 


• 


33.9 
18.7 
3.29 
3.04 

• 


* 


■ 
• 


9.5 




* 
* 
* 

31.6 


* 



Tabh 8-51. Specific Heat, Enthalpy, and Entmpy of TNT 











In'K 


Injoulaaptr 




In joulM per 




inoltp«r*K 


pflT RIOIB 


moto psr *K 


10 


3.116 


10.390 


1.732 


30 


32.71 


352.77 


17.49 


SO 


60.41 


1293.0 


40.90 


70 


82.52 


2731.0 


64.69 


90 


101.70 


4576 7 


87.98 


110 


118 76 


6784.8 


110.08 


130 


133.54 


9309.6 


131.13 


ISO 


148.30 


12128 


151.26 


170 


162.84 


15240 


170.73 


190 


177.15 


16640 


189.63 


210 


191.24 


22325 


208.05 


230 


205.09 


26288 


226.07 


250 


218.72 


30527 


243.74 


270 


232.12 


35036 


261.06 


300 


251.80 


42296 





Values for the heat of combustion for the crystal range 
from 809.18 to 81 7.2 kllocalorieft per mole. The heat of 

formaficn 'or the l-quid or crystal is between 10 and 
19.99 kilocalones per mole. The free energy of forma- 
lion for the crystal is 50.92^0.83. The heat of fusion 
computed by Interpolation of enthalpy curve is 23.53 
calories per gram although values from 20.2 to 25.2 
have been reported. Values for the heat of sublimation 
range from 23.2 to 33.7 kilocalories per mole. The Qlbbs 
free energy of sublimation is 69.6 ±3.0 kilojoules per 
mole and the standard entropy of sublimation is 
146.2 ± 1 .3 joules per mote per degree IteMn. The heat 
of vaporization is reported in the rarige of 17 to 22.7 
kilocalones per mole The maximum calculated heat of 
detonation with liquid water is 1.41 kik)caJories per 
gram: with gaseous water the vMue Is 1 .29 MIoealorias 

per gram. For a charge with a densif/ of 1 54 grams per 
cubic centimeter, the measured values are 1 .09 
kilocalofies per gram with liquid water and 1.02 
kilocalories per gram with gaseous water. The enthalpy 
of TNT relative to the enthalpy atO'C for the range 25"C 
to 68'C is expressed by the equation: 

H -/yo=0.045-»-0.24625 r+(4.205x 10 P 



where T, the temperature, is in units of degrees cer>ti- 
grade.Forthe range 63*C to 1 17*C the rslalive enthalpy 
Is expfssaed by Ihe fallowing equation: 

H -Ho= 1 2.450+0.45023 T-(4.0091 x 10 P 

In this equation T is also in units of degrees centigrade. 
The standard enthalpy is 1 1 3.2 :i 1 .5 kilojoules per mole. 
The standard entropy for the crystal is 68.12£0.38 

calories per degree Kelvin per mole. Thermal diffusivity 
as a function of temperature is shown in tat>le 8>52. 

Table 8-52. Thermal Diffusivity o/ TWT 



Thermal diffusivity 


Der^sity in gnm 


In camimeters squared 


per cubic 


per second x 10* al 


09fiilivi6ie^ 


25'C 




19.7 


0.64 


15.0 


0783 


12.1 


0.980 



TNT forms binary and ternary eutsctics wHh various 

types of nitro compounds and nitrate esters. The dini- 
trotoluenes and the unsymmetrical TNT isomers form 
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with 2,4,6-TNT which melt just aiiove ittom 
temperature. Removal of these impurities is necessary 
to prevent exudation from TNI based expkTsives. TNT 
18 U8«d as a ehel War and as an hngiscllant In many 
compos tion exD osivaa. OinltRMoliisna la also usad In 
the filling oi shells 

(3) The toilowing sections of this subparagraph 
deal with the chemical raacMvlty of TNT. Tha sacHons 

are divided first by the structure of the TNT molecule 
involved \n the reaction, such as the methyl group, the 
nitro group, and the aromatic ring. Then the reactions 
ara further MbdlvkM by tha type of raaelion. 

(a) naactions of tha mattiyt group. 

1 The methyl group can be halogenated. 
Monochlof ination can be affected with sodium hypoch- 
loifta according to the following equation. 

NaOCI 



l>ICHa 



art 



Traoaii 



CfiBrsCHzBr 



PiCHa 



PiCHaCI 



(Pi =2,4,6-trinitrophenyl) 

The chloride, prepared in situ, is important as the inter- 
mediate for preparing 2,2',4,4',6,C 
according to the leaction: 



2PICH2CI-==^ PiCH =CHPi +2Ha 
(HNS) 

HNS is a thermally-stable explosive and a nucleant for 
improving the crystallization habit of TNT in explosive 
formulations such as composition B. In the presence of 
OKoaaa TNT, the chloilde yields 2.2*,4,4'.6^- 
hexanitrobibenzyi (HNBB) which can ba OKidlzad 10 
t-INS according io the equation: 

PICHaa+PiCHa^^ 

PlCHaa+PICHa 0***^ . HNS 

(HNBB) 

Destructive chlorination to chlorpicrin (CbCNO:) has 
been noted on warming TNT with Ca hypochlorite. 
Small amounts of chloropicrin ai-e formed during the 
preparation of HNS from TNT and sodium hypochlorite. 
On a production scale, an environmental pKMam la 
created since this compound is a toxic lachrymator 
Heating TNT under pressure at ISCC to 16(rC with 
pf)osphorus pentachloride and a trace of iodine is said to 
give a mixhjre of products including mainly 2.4.6- 
irinitrobenzotnchloride and ppptHrhlorobenzyl chloride. 
Others, however, were unable to prepare the former 
compound in this way. TNT can t>e monobiomlnated 
with sodium hypobromite, or less conveniently by heat- 
ing under pressure at 160°C with bromine and mag- 
nesium cartxjnate. Heating TNT with bromine and a 
trace of iodine under prsssura at 200^0 gives panta> 
bffomobenzyl bromide according to the equation: 



2 The methyl group can be oxidized. The 

oxidation can proceed stepwise throughthealcoholand 
aldehyde to the actd. as follows: 

PKJHi — PiCHK>H ~ PfCHO— PICOOH 

Trinitrobenzoic acid can be prepared by this procedure. 
The alcohol and aldehyde are more easily oxidized than 
the TNI so tile oxidization cannot be stopped at either of 
these Stages. Other reaeliorui must be used to prepare 
these products. Trinitrobenzoic acid is easily and quan- 
titativeiy converted to 1,3,5'trinitrobenzene (TNB), an 
explosive superior to TNT in many ways, but more 
expensive to make. Oxidation of TNT is the preferred 
procedure for preparing TNB This can be done in 85 
percent yield by heating TNT with 90 percent nitnc acid 
at 150*0 undsr pressure for 18 hours, bulihe prefened 
laboratory procedure involves oxidation with potassium 
or sodium dichromate in concentrated sulfuric acid. 
Yields In this pioceduie vary from 43 to 46 percent to 86 
to 90 percent, apparently depending on minor variations 
in technique The addition of acetic acid as cosotvent is 
said to give a 98 percent yield of the acid. Oxidation of 
the methyl group oocursduilngTNT manultehire with 2 

to 4 percent of yield loss occurring in this way Under 

certain conditions the alcohol, as a nitrate, and the alde- 
hyde are formed by ttie oxldalion. The two compounds 
then react to form 2,2'-<flcart)oxy-3,3'.5.5'- 
tetranitroazoxybenzene as shown in figure 8-55 This 
compound, called white compound, coats the equip- 
ment piping and must be cleened off. By a suitable 
variation in conditions this ronciion can be minimized, 
with the alcohol and aldehyde being oxidized prefereiv 
tially to the add. Crude TNT contains small amounts of 
all four of these compounds. About 10 percent of eadi 
trinitrobenzyl alcohol and trinit'-obenzaldehyde are 
formed by side reactions during the preparation of HNS 
liom TNT using eodhim hypocMoride. The two com' 
pounds also appear in small amoi;rts durng the action 
of heat or light on Tf^. TNT can be oxidized to HNBB. in 
poor yield, by simply adding base toasoiuHonofTNT in 
a suitable solvent aeoordbig to the rsaction: 

2PiCHi — PiCH CH Pi *^H«0 
(HNBB) 

The nitro groups in a portion of the TNT are the oxidizir>g 
agent. Small amounts of HNBB are formed by this reac- 
tion during the purification of TNT with alkaline sodium 
sulfite. Air widation In thepresenoe of base and copper 
sultate is claimed to give yields as high as 82 percent. 
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PiCHaONO»<i'PICHO 



COOH 



COOH 



0"'v 



NOt NO2 
Rgun 8-55. MfMto compound. 

3 The methyl group can react with 
"Formaldehyde reads with TNT as follows: 



PfCHs+CHsO 



PICHsCHsOH 



The reaction can be carried out by heating TNT in a 
basic solulion of aqueous formaldehyde. TNT Is only 
poorly soluble in this solution, however. Better results 
are obtained when acetone is used as a oosolvent. TNT 
undecgoesthe Mamlch raadlon with formaldehyde and 
various secondary amines aooording to the equation: 



PICH3CH20 + RaNH 



PiCH2CH2NR2 



In this reaction dioxane was used as solvent and 2 
percent sodium hydroxicie was added as catalyst; 
plperazlne fomis a 1 :2 derivative. BenzaMetiyds fsaols 

with TNT to form two compounds. The molar ratio 
between the reactants in one of the compounds is one to 
one. The reaction proceeds according to the equation: 

PfCHa+GsHsCHO — » PiCH-CHCftH» 

The readfon is catalyzed by piperidine and Is run in an 
aromatic solvent such as benzene or toluene. A series 
of monosubstituted benzaldehydes react similarly as do 
also terephthalaldehyde and isophthalaldehyde. One 
mote of botiiof the lasttworeaclanlscombines wHhtwo 
moles of TNT In the second compound k)enzaldehyde 
forms with TNT, one mole of benzaldehyde reacts Mrtth 
two mdes of TNT. The rsBcifon praeaads aooerdkig to 
the aquation: 

2PICH3+C6H5CHO — (PiCH2)2CHC«H» 

This reaction is also r atalyzed by piperidine but is run in 
pyhdine. Only traces of l-INS were obtained from TNT 
and 2.4.6-trinltrobenzaldahyda. 

4 The mettvyl group reacts wMh halldes 

and unsyivnetrical TNT isomers In the presence of 
equivalent potassium hydroxide, TNT reacts as follows 
with various haUdes such as 4-nitrobenzyl bromide, pic- 
ryl cNoride, or 2.4-dlnitrofluoraben2ane: 



PICHs-i-RX- 



KOH 



PiCHaR +KX 



Only compounds with highly reactive hatogena yield 

products by this reaction. As the halide reactivity 
decreases, increasing amounts of HNBB are formed 
ftom TNTinihe presence of abase. TTils type of fsadion 
can also occur with compounds containing reactive nitro 
groups. In the manufacture of TNT, 2,4.6- and 2.4,5- 
TNT interact in this manner to form MPOM, as shown in 
figure 8-56. A similar compound can be made from 
2.4.6-TNT and 2^.4-TNT. 



CHa 



PiCHa4 




PICHi 




NOz 



NOb 



Rgun 8^. THT and 2,4,^TNT readtan. 

5 The methyl group reacts 
various nitroso compounds. The reaction with 
4-nitr(Modiin^ylaniline. reaction (A), and subsequent 
hydrolysis, rsadton (B), to ylald 2,4,0- 
trinitrcbsnzaMehyda. PICHO. Is shovwi bslovv: 



(A) 



PICHs+ONCMKCH»}t 



PiCH=NC«H4N(CHa)s 



a 



PiCHO+H2NCiH4N(Clis)t 

This is the favored procedure for preparing 2.4.6- 

trinitrobenzaldehyde. Reaction (A) Is run at room tem- 
perature in pyhdine, using iodine as a catalyst, or in a 
alcohol-acetone mixture with anhydrous sodium cartx>- 
nato as a catalyst. Reaction (B) p ro ce ed s in a strorig 
aqueous hydrochloric acid solution: overall yields arc 39 
to 52 percent. Reaction (A) can be run in an aqueous 
medium In the preaenoe of light with a yield of 60 percent 
and less t)y-product formation than in the other 
methods. Other types of aromatic nitroso compounds, 
for example nitrosot)enzene and mtrosotoluene, form 
nRrones according to the aquallon: 
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PJCH3+2RNO 



O 

t 

PiCH = NR-t-X 



I X depends on the specific reaction. 

6 The methyl group can undergo nftration 
and nitrosodation. The reaction with alkaline tluorotnm- 
tfomethane procsecto according lo the equation: 



PICHJ+ 




195' • 2 MRS , 
IMETHYLANIUNE 



PfCH9-l'FC(N0xh' 



Alk 



-PiCHaNOft 



Several products are formed with nitooeylchloride. as 
shown In figure 8-57. 



(I)NOCI 



PiCN 



NOCI , / , Noa 

PfCHs ► [PICH-NOH]^— PiC(Cl)=NOM 

P)fM»m I (1)N0C1 

(2)PiCH3 
O 



QtN 




Flgun8-S7. RMcilon ct TNT wilh nOioerlcMoride. 

7 Other miscellaneous reactions of the 
methyl group irvclude the reaction with 
N.M-di methy If ormamide and phosphorus oxychloride in 
which TNT undergoee the VUsmeier reaction as shown 
below: 



PICHs 



(1) OMF-POOa 

(2) K0H 



PiCH(CHO)j( 



The resulting dialdehyde was converted to derivatives. 
The reaction between phthaltc anhydride and TNT is 
reported to form a phthalide derivative shown in 
Igure 8-58. However the reaclkm oould not be dupl- 

cated When TNT couples with diaZOnium OOmpOUMlS. 

the most lil^ely reaction is: 




Figure 8-58. Reaction between TNT and phthahc 



(b) Reactions of the aroniatic ring. 

1 TNT can be monomethylaled lo 

trinitro-m-xylene in 9 to 32 percent yield by heating with 
lead fetracetate or acetyl peroxide, or by electrolysis 
with acetic acid-sodium acetate. Attempts to introduce 
more methyl groups have been imeuocesalul. 

2 Reduction of TNT with sodium borohy- 
dride gives 1 -methyl-2,4,6-trinitrocyclohexane in 21 
percent yieid according to the reaction shown in fig> 
«ire8'59. 

3 One mole of TNT reacts with three molea 
of diazomeihane. The compound obtained from 
dtazomethane and 1 .3,5*trinibobenzene has the seven 
member ring shown in figure 8-90. 



PfCH> 



OiN-Hi 



CHj 



1 L 



CH-NO* 



*CH 
I 

RgufBB-S9, /MueUoncfrNTwUhtodlum 



PiCHa+HN2a— * PiCHaN=NR 
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Figure 8-60. Seven member rmg struGbve. 

4 TNT undefgoesmettiyl group hoiogens- 

tion as well as ring halogenaUon wtth loss of tho nitro 
groups at I5(rc to 200*0. 

5 Ring cleavage to chloropioin occurs 
wHh alkaline hypochlorltea. TNT can also be destroyed 
bi treatment with ozone, in the presence of base, or 
ultraviolet light. In t)oth cases, the 2,4,6-trinitrober»yl 
anion in generated, which is preaumably the reactive 
apadaa. 

(c) Reactions of the nitro groups. 

1 TNT can be reduced to the tri amino 
compoiind with tin and hydrochk>ric acid, or with hydro- 
gen uaing • P<l<Ba804 Cfllalyat aa atMMffi In figure 8-61 . 



TNT 




F^iure 8-67 Reaction of TNT with hydrogen. 

2 4-Amini-2,6-dinitrotoluene can be made 
by treating TNT m dioxane with ammonium sulfide. A 37 
percent yiekl of material of 99 peroant pui% waa ao 
obtained. 



3 Reduction of TNT with ethanolic ammo- 
nium suMde'yIelda g.4-dlami»6-nHrotoluene. Reaction 

of TNT with ethyl alcoholic hydrogen sulfide containing a 
small quantity of amaK>nia gives a mixture comprising 
22 percent unreacted TNT, 22 percent 4-amino-2,6- 
dnilralohiene, 4 peroent2'amino-4.6-dinilioialuene»44 

percent 4-hydroxylamino-2,6-dtnttrotofLjenQ, andSpai'- 
cent 2-hydroxytamino-4,6-dinitrotoluene. The 
4-hydroxyiamino Compound can be eKHaded from tlia 
reaction mixture. The 4-amjno-2.6-dinitrotoluefle is an 
intermediate for one procedure for preparing the 
thermally-stable, insensitive explosive TATB. The reac- 
tion la ahonvn in figure 8-62. Reaction (A) invotvee an 

unusuaf demethylation as welt as nitration The above 
partial reduction products of TNT, arrK>r)g others, are 
formed during t)iodegfadatiort and during the dealiuC' 
tion of TNT by reaction with sodium or amnx>nium sul- 
fide TNT does not undergo hydrolysis during storage of 
a saturated solution in sea water over a period ot several 
montha at 25*0 in active glaaaware. 

(d) Some reactions involve tjoth the nitro and 
methyl group. An important aspect of TNT reactivity 
involves redox reactions l:>etween the reactive methyl 
group and the nNrogroupa. atype of reaction which can 
t>e initiated by various energetic stimuli including ttier- 
mal and photochemical as weli as chemical. The foi- 
lowing owc us aion inoicaiee we le wjuu i ii are oom irnfa* 
and intermolecular. ultimately leading to diverse 
monomeric and polymeric products. The intramolecular 
type involves reaction between the methyl group and an 
ortho nibo group. TNa reaction oocura eepedaly eMiy 

and is often the first step for other reactions The reac- 
tion also applies to many other decivatives and 
analogues of 2-niliDloiuane. 
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1 All types of nitro compounds react easily 
with bases forming diverse types of products, tn the 
I case of TNT, 2,4,6-trinitrobenzyl anion (I) is formed 
initially and rapidly as shown in figure 8-63. The ion is a 
highly reactive species thought to be intermediate in the 
many reactions of TNT conducted under basic condi- 
tions. The anion is formed without side reactions t)y the 
action of 1.1',3,3"-tetrarrio"ivlQua'iid"ne in dimethylfor- 
mamide solvent. Based on spectrophotometric evi- 
dence, the first dissociation constant of TNT with NaOIH 
is 1.02 ±0.2x10 '2. Hi9hl)M»iorsd Jackson- 
Meisenheimer, or sigma, compleyes of structure (II) Of 
(III), also shown in figure 8-63, are formed by addition to 
the ring system. These compounds are formed in both 
aqLPous and anhydrous mediums and with a variety of 
organic and inorganic nucleophiles Sulfite ion forms a 
complex of structure (III) which is a source of yield loss 
during the purification of TNT If the pH exceeds eight. 
Cyanide ion alsn fnrrrs a complex of structure (III). TNT 
as the anion (I) can react with other TNT anion (l)'s and 
pfXKfuce adducts of structure (11). A similar reaction 
takfjs place with 1,3,5-trinitrobenzene. Primary and 
secondary aliphatic amines also fofn sigma complexes. 
Upon solution in liquid ammonia, a complex ot type (III) 
is Mtiaiiy formed with no evidence of type (t) having 
been formed. With time, a second NH: group becomes 
attached to the ring cart)on with the methyl group: this 
oompound has cis- and transHSOftieri. Removal of ftm 



ammonia gives a red residue comprising about 50 per- 
cent TNT. Acetone carbanion forms a complex of 
structure (III). Methoxide, ethoxide, and isopropoxide 
form oomplexea of stnioture (II). T-butoxide ion yields 
airuclure (I) with tnt. 

2 In some cases each mole of TNT can 
add up to three moles of a base. The compounds formed 
with potassium hydrasdde in a dKute aqueous soiuHon 

are shown in figure 8 64 The one to one molar ratio 
compound is the same type compound as structure (II) 
Shown in figure 8-64. Three moles of potassium 
ethoxide can also react. AddMion of two moleaofsodhim 
sulfite is also possible. 




N0> 
(Hi) 

FigtM99^. /toadton of TWTwWi dates. 



HO .CHj HO CH3 HO^ ^CHj 



o^-f>r^ ^.^'Ti'^ ^y^^^K 



OK 



OK 



1:1 MOI^n RATIO 12 IMOLAR RATIO U MOLAR RATIO 



Figure 6-64. Reaction of TNT with potassium Hydroxide. 
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§ Side reactions can occur. esfMcMly In 

the presence of excess t>ase at elevated temperatures 
and prolonged times of reaction. Potassium hydroxide 
and anhydrous ammonte can form nitrite ions ty clev^ 
age of nitro groupe. 2,4,5-Trinitiophenol and 3.5- 
dinitrophenol have been isolated from the reaction of 
TNT with NaOH. Redox reactions give polymeric mate- 
rials via the formaHon of azo and azoxy groupe, ae 

shown in figure 8-65 for the case of phenylhydrazine 
Dimerization also occurs t}y the redox coupling of two 
molecules Oi TNT to fbrm PiObCHzPi. The oxidant In 
this case is TNT. The complexes of long-chain, 
primary-secondary aliphatic amines with TNT have low 
water solubility and may be useful for the removal of 
TNT from aqueous soiuUons. The rapid reacHone with 
isopropylamine in acetone has l>een studied as a possi- 
ble procedure tor the neutralization of TNT in land 



(e) The degradation of TlsfT tiy electron 

impact has been studied The initial step is ?. methyl- 
hydrogen transfer to an adjacent nltro-oxygen which is 
ffoHowed by cleavage of the hydroxy! group. The resull- 
ing ion then degrades further by several routes which 
include the loss of small stable molecules such as CO, 
NO. HC = CH, HCN, etc. All of the TNT isomers undergo 



simHar methyf-hydrogen transfer as the first step except 
for the 3,4,5-isomer, which ladts the adfaoent methyl 

and nitro groups. 

(f) In the manufacturing process, absorption 
tiy activated caiton liltefs ie ootrwrionty employed to 
control pollution The TNT is absort>ed at many of the 
numerous high-energy sites on the surface of ttie car- 
bon. Basic materials, Introduced during activation of ttw 
caitKM by combustion and oxidation are also present at 
these sites, then induce oxidation-reduction reactions of 
the methyl with the nitro groups in the TNT. This is 
manifested in the slmpieet fbrm liy the fbmwHon of small 
amounts of trinitrobenzoic acid and trinitrobenzene. 
Coupling and polymerization also occur, via generation 
of azo and azoxy linkages among others, yielding com- 
plex, high molecular-weight materials which are Irrever- 
sibly bound to the surface and clog the pores of the 
carix)n. This process is, therefore, generally similar to 
that Involved in the thermal and basic decomposition of 
TNT When TNT and activated carbon are dPy'-mixod at 
room temperature, the TNT rapidly and completely dis- 
places the air absorbed on the cartx)n. The carbon hasa 
strong catalytic effect on the thermal decomposition of 
TNT. At ^20'C. a 90/10 TNT/carbon mixture decom- 
poses 12.3 times as fast as pure TNT. and a 50/50 
mixture 113 times as fast. 




CHj 



HOt 



fljpiiretf^ f^teikm of TNT /Owi^lhydn^. 
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(4) Of the six possible TNT isomers, five are 
unsymmoMcal or meta isomers. Physical piopertles of 
tfie six are summarized in table 8-53. 



Tat^ e-53. teomere of TNT 



PcMHionof 



Deflagration temperature 

in °C 



2,4,6 (alpha) 



80.9 



2.3.4 (be'a) 

2.4.5 (gamma) 

3,4.5 (delta) 

2.3.5 (epsilon) 

2.3.6 (eta) 



110-111 
104-104.5 

133-134 
96-97 
111.5-112.5 



This is the 
symmetricai 
isomer so has 
rK>r>e 

3 
5 

4 

2 
3 



281W 



301 -303 
288-293 
290^10 
305-318 
333-337 
327-335 



208-215 
191-198 

252 
268-271 
249-250 



The unsymmetrical isomers all differ from the 2,4.6* 
isomer in having notat)ly higher melting points and In 
having one nHro group wMch is easily replaced by 
tteatment with various nucleophilic reagents: the posi- 
tion of this group is indicated in table 8-53 Con- 
sequently, the reactions of 2,4,6-TNT under basic con- 
(Wone ate entirely dttferent from those of the other Ave 
isomers. All of the unsymmetrical isomers have been 
found in cnjde TNT. ranging from about 2.5 percent for 
the 2,4,5-isomer and 1.5 percent for the 2.3,4-l9omer 
dowffi to 0.006 percent for the 3,4,5-isomer The meta 
isomers form low melting point eutectics with TNT and 
so must lae removed during the manutacturing process. 

(5) TNT is manufactured by the nitration of 
toluene in successive steps. In the first step toluene is 
nitrated to mononitrotoluene (MNT) The MNT is then 
nitrated to dinitrotoluene (ONI). The last step is the 
nttration of DMT to TMT. The three steps are eanied out 

under differr nt ronrf t ons The trinitration is carried out 
at a higher temperature than the dinitration, which is 
carried out at a higher temperature than the mononitra- 
tion. The trinitration also requires a stronger mixed acid 
than the dinitration, which requires a stonger mixed acid 
than the mononitration. In the continuous production 
system installed at Radford Army Ammunition Plant 
ttiese requirements are met with a counter flow process. 
The system consists of eight nitrators. Toluene is intro- 
duced into nitrator numt>er one and moves successively 
through each nitrator to nitrator number eight where 
nitration to TNT is completed Mixed acid is introduced 
into nitrator number eight and moves successively 



through each nitrator to nitrator number one The mixed 
acid consists of nitric acki, 40 percent oieum, and water, 
ronmcanon wim nnnc acta is requireQ oeiween ntiTB- 

tors The temperature of nitrator numt>er one is mairv 
tained at 50*C to 55''C. Each successive nitrator is 
maintained at a higher temperature than the one imme- 
diately proceeding. Nitrator number eight is maintained 
at at>out 100°C. Each nitrator is equipped with an 
agitator. The solubility of toluene and the nitrotoiuenes 
in mixed acid is very low. Therefore, the nNration pio* 
ceeds in a two phase system and the rate of nitratfofl 
depends on dtsp^rsion The dispersion depends on 
l(eeping the two phases well stirred. Figure 8-66 shows 
theyieldofmononilnrtoliieneasafunclionoftherBteof 
stirrir>g with a mixed acid consisting of 1 1 percent nilrk; 
acid, 64 percent sulfuric acid, and 25 percent water for a 
nitration time of 30 minutes. The results with the use of 
40 percent oleum, which consists of 40 percent sulfur 
trioxide by weight dissolved n sulfuric acid, are 
analogus. However oleum is more reactive than sulfuric 
add. Tlie mononitration is carried out In the first nitrator 
where the temperature is lowest and the mixed acid has 
the highest water content. The low temperature reduces 
the amount of meta and of ring oxidation products 
formed . Mononitration at - 1 1 0*0 foHowed by dinitration 
at 0°C to 25°C yields a product witti one tenth the 
amount of these Impurities as when nitration is carried 
out under normal oondHions. This process, however, is 
much more costly than the one carried out at higher 
temperatures so is not used. Less degradation occurs 
t>ecause of the higher water content of the mixed acid. 
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Toluene is much easier to nitrate than benzene because 
of the preeenoe of a methyl group compared with ben- 
zene. The reaction of introducing the first nifro group 
therefore proceeds very quickly, however the methyl 
group IS readily oxidized. Mononitration also leads to 
OKldaUon of the ring and the fonnation of cresots. If the 
mixed acid i?^ poor in nitric acid or if an insufficient 
amount of mixed acid is used, tar tormation nnay take 
placa. To counteract thaae undeaiialMe effects an 
excess of mixed acid that is rich in nitric acid could be 
used. On the other hand both excess HNO3 and excess 
mixed acid favor oxidation processes. Thus a trade-off 
must ba achiewad. Other oxidation reactions procaad 
espedalfy readily under drastic conditions which intro- 
duce several nitro groups at a high temperature. This 
effect is mMmizad Isy having muNipIo nitrators with 
small temperature differentials between them. A con- 
centration gradient for DNT and TNT exists across the 
production line. Table 8-64 shows the change in oon* 
oanmiion of the nilro body. nUratad matariai in a aix 

nitrator system. Six nitrators were used in the three 
Aadford production lines before an explosion destroyed 
one of lha Inaa. The axpfaslon oocunad duffng faulty 
manual ramovai of white compound which had coated 
the nitrator cooling coils To stop the formation of white 
compound, an oxidation product, the number of nitrators 
was increased from six to eight. Each nitratorwasalao 
fitted with a centrifugal separator rather than a gravity 
separator, astiw six original nitrators had. This reduced 
the amount of nnrobody in the system at any givenlime. 
Another design of continuous process in current use is 
the British ROF Process. This procedure also involves 
multistage countercurrent contacting, with the mono- 
lo-trinitrallon unit oompdslng a rectangular boK-shaped 
vessel subdivided into eight stirred nitrator stages with 
intervening unstirred nitrobody-acid transfer sections. 
MononiMtion is conducted separately in a smaller, 
similar vassal. This design desirably eliminates all inter- 
stage pipework and ductwork connections. This equip- 
ment applies to the use of 96 percent sulfuric acid, which 
requires mora staging to affect complata nltiatlon than in 
th G case of the Radford plant, which employs 40 percent 
oleum. A comparison of the two systents siiows that 
both give an 85 percent yield based on toluene, and that 



both have the same nitnc add requirenrtent. Radford 
usagaof sulfuric add la about 79 parcentthalof Ifia ROF 

process, calculating both on the t>asisof a strength of 96 
percent The ROF system employs a lower temperature 
for mononitration, 35'C to 42X vs 50'C to (or the 
Radford proooas. In Wast Qermany. mononHraiion b 
affected by a continuous process, but di- and trinttralkm 
are conducted batchwise, because of a high purity 
requirement. Trinltralion la affected with rrixad add 
comprising 24 percent HNOa. 70 paroani H>S04. and 6 
percerit SO3. The reaction requires six hours with slowly 
rising temperatures. These conditions remove the dini- 
trololuana isomers more completaly than Is poaslWa 
with the much ahorter reaction Hme used in continuous 
operation. 




HPM 



F^/iaB 8-66. Agitation vwsus MNT ^ekl. 

(6) A problem associated with TNT production 
is the disposal of tetranitromethane (TNM), a toxic, 
odorous, and explosive matenal which is obtained in the 
smK gas from the trinitraiion step to the extant Of about 

196gram8to227 qrams per 45 4 g'amsofTNT. Venting 
TNM to tite atmosphere is now illegal. The TNM can be 
recovered by scrubbing the gas with aqueous aodlum 
cartx>nate containing stabilized hydrogen peroxide, 
which converts the TNM to nitroform. Nitroform is a raw 
matenal tor making energetic piastlcizers. Another ob- 
jeolionable etnuent from TNT produoKon Is oxides of 
nitrogen (NOx). These can be removed ( >95 percent) 
by oxidation to nitric add. followed by scrubtMng with 
sulfuric add. 



Table 6-54. Nitmbody Concentration for a Six Nitrator System 



Nitraior 
Ttmperatur« (°C) 


1 

50-95 


2 
70 


S 
804S 


4 

90 


5 

96 


S 

100 


Composition of 
nHrobody: 
















MNTCIb) 

DNT(%) 
TNTCVo) 


71.1% 
18.2 
4.2 


70.9 
28.9 


30.4 
69.3 


10.3 
89.5 


1.6 
98.2 


0.2 
99.7 
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(7) After nitratk>n. the crude TNT requires 
purification. The ultimate objective of TNT purification is 
10 remove ail those products produced durmg nitration 
which are mora reacHvethan TNT or wrtich oan easily 

give oily exudation products. Oil exudation from TNT is 
an undesirable cnaractenstic for the following reasons: 

(a) Exudation produces porosis of the TNT 
chorge and the oonespondino raduclfon in density. This 

reduces the explosive effect In artillery shells this can 
produce a dislocation of the charge on firing, compres- 
son of the air included in the cavities, and premature 
oup to si o n. 



(b) The oily products can per>etrate into tfie 

threaded parts of the shell and form "fire channels" 
through which the ignition ot propeltent can ignite the 
charge. 

(c) The oiiy products can penetrate into the 
detonating fuze if the explosive of the fuze is not pro- 
tected by a metal envelope, and reduce the detonating 
poworof theltiie. 

(8) Tablo 8-55 lists the impurities that are 
formed dunnq the mfjnufacture of TNT and the amounts 
contained in the product after punfication. The concen- 
trations llsled in tha table aie maximum vidues; the 
actual vaiuse aie iowar. 



Tabie 8-55. Impurities Present in TNT 





AppreKkniM maximum nominiJ 


Cotnsound 


Cruda 




2 4 S-TrinitratoluAna 


2.50 


0.30 


S 9 4»Tif nibnInluAM 


1,75 


0.20 


P 3 fi-TrinitrotPilMpnP 


0.50 


0.05 


2,3,5-Tnnftrotoluene 


0.05 


0.05 


3,e.5-Tnnnnoioiuane 


0.006 


• 


2,6-Oinitrotoluene 


0.25 


0.2S 


2,4-Dinitrotoluene 


0.50 


0.50 


2,3-Dinitrotoluene 


0.05 


0.05 


2,S>Dlnilrotoiuene 


0.10 


0.10 


3,4-Dinitrotoluene 


0.10 


0.10 


3,5-Dinitrotoluene 


0.01 


0.01 


1 ,3-Dinitrobenzene 


0.02 


0.02 


1 .S.S-Trinitrobenzene 


0.15 


0.10 


2 4 6 Trini'robenzyl alcohol 


0.25 


0.25 


2 ,4,&-Trinltrobenzaldehyde 


0.25 


0.25 


2.4,6-Trtnitrol)enzojc add 


0.50 


0.50 


Alpha-nitrato-2.4.6-trinitrololuene 


0.10 


0 ^0 


Tetranitromethane 


0.10 


none 


2.2'-Dicarboxy-3,3'.5,5-tetranitroazoxyt}enzene 


0.35 


0.05 


<white compound) 






2.2',4.4'.6,6 -Hexanitrobibenzyl (HNBB) 


none 


0.40 


3-Methyl-2 .4,4',6,6'-pentanitrodiphenylmethane 


none 


0.40 


(IMPDM) 






3^',5.S'-Tetranitr<oazoxyl>enzene 


nona 


0.01 



Of the TNT isomers fomoed. only thefhet two listed in the 

table, the 2.4,5- and 2,3,4-isomers, are present In sig- 
nificant quantities. The dinitrotoluenes result from 
incomplete nitration. The next eight compounds listed in 
Uw takile resuH. directly or indirectly, Irem oxidation of 

tho me»hy( group during nitration, while the last three are 
introduced during punfication. The purification process 



currently In use Involwes treating TNT with aqueous 

sodium sulfite called sellite. The meta TNT isomers 
react with the sodium sulfite to form water-soluble sulfo- 
nates by the following reaction: 

CH3CaHa(N02)3 f Na^SOa — - 

CH3CeH3(N02)2S03Na + NaNOa 
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Current American practice entails continuous treatment 
of molten TNT, at a temperature greater than ao^C, with 
an aqueous sohMion oontainlno about 0.1 part anhy- 
drous sodium sulfite per part TNT This corresponds to 
about four times the theoretical requifement according 
to ths aquation given aliove. Tlie Nquids are counter* 
currently oontacied in three washers each of which is 
followed by a centrifugal separator. This purification 
process is quite sensitive to pl-i. Yieid loss rises sharply 
above pH 7.5 because of the formation of the wate^ 
soluble complex of 2.4,6 TNT with sod iurri sulfite. In 
addition, at pH values above about 8 the formation of the 
two by products hexanitrobibenzyl (HNBB) and methyl- 
pentanitrodiphenybnoihane (MPOM) increases 
strongly. These compounds have an adverse effect on 
the mode of crystallization of TNT. Table 8-55 shows 
that meta TNT isomers are not compielely removed and 
that the amounts of all of the DNT isomers and of five of 
the oxidation products remain unchanged. The ROF 
TNT Process also employs continuous purification, 
using a compartmented reactor generally similar to that 
used by tfiem for nitration. However, the TNT is con- 
tacted as a solid at 67.5°C. rather than as a liquid, as in 
the American process. This is said to result in a higher 
yield of p u rer TNT with a requirem e nt o t a bo ui tv,'o thirds 
as much sodium sulfite. l-iNBB and MPDM are not 
formed. Advantage is lalcen of the fact that the unsym* 
metrical isomers form a eutectic which migrates to the 
crystal surface This type of process is also employed in 
West Germany. The process is operated tiatchwise 
using 4 to 10 parts NasSOs per 100 parts TNT wHh a 
reaction time of 30 minutes. Use of this purification 
procedure, taken with a t>atch trinitration method which 
removes neariy all of the ONT isomers, yields a TNT of 
unusually high purity. The solidification point of the pro- 
duct is 80 65°C to 80 80°C This type Of process has also 
been used in the past m the United States. Disposal of 
the waste seliite solution, known as red water, is a 
serious pollution control problem. TNT can be purified 
by recrystallization from nitric acid. This process has 
been used for many years in Sweden. The nitric add, 
after crystallization and filtration of the 2,4,6-isomer, is 
recovered by distillation leaving a mixture consisting of 
about 50 percent 2,4.6-TNT, 25 percent TNT meta 
isonters. and 25 percent dinilrotoluenes and oxidation 
products known as isotrioii. The isotrioil is then sold as 
an ingredient in commercial dynamite. Sweden has had 
trouble marketing isotrioil. which is the major reason this 



otherwise attractive process has not been adopted 
elsewhere. Even alter purHlcatfon. miitary grade TNT 
typically shows 0.6 percent to 1 .2 percent or man 
extrudate. A typical analysis of exudate from 
specificatioft-grade TNT made m 1973 at the Radford 
Amiy Ammunition Ptantl^ the continuous process is ai 
follows: 

2.4.6-TNT 88.19<yo 
2,3,4-TNT 1.99«yo 
2.4.5.TNT 0.67% 

2.4- DNT 7.65% 
2.6-DNT 0.980/0 

2.5- DNT 0.19<Vo 

HNBB and MPDM also form eutectics with TNT. Two 
approaches have been considered tor minimizing 
extrudalion. One approach to solving the extrudaiion 
prot)iem is to produce TNT with smaller amounts of 
impurities This can be done by carpy-inq out nitration 
under more drastic conditions, which adds to the pro- 
cess cost, and dosely controlling the seHlte process to 
minimize production of HNBB and MPDM Crystalli7a- 
tion from nitric add rerrvoves all DNT isomers. Another 
approach is to add malsrtals to the TNT that absorb the 
eutectics. Celluk>se esters, in the amount of about 0.6 
percent, absorb the extrudate and reduce the tendency 
of the TNT to crack. Potyurethanes remove exinudate 
and double the c om p rassive strength of the cast. 

(10) Two types of TNT are specified for 
military use: 





Type 1 


Tvpe 11 


Form 


Flake or 


Crystallin* 




crystalline 




Color 


No daiteer than 


LigMyaiON 




iHimbar 30257 




Solidification point (°C). 


80.20 


80.40 


minimum 






Moisture (%), maximum 


0.10 


0.10 


Acidity (%), maximum 


0005 


0 005 


Alkalinity 


None 


None 


Toluene insoluble matter 


0.06 


0.05 


maximum 






Sodium (%), maximum 


0.001 


0.001 


Granulation 






through a US standard 


95 


100 


number 14 sieve 






through a US standard 


* 


95 


number 100 sieve 







8-86 



Digitized by Google 



TM 9-1300414 



For type I flak* form the av«raQ» ttiieknen of tti6 flakes 
shaN not be more than 0.63 mMilMiers (0.025 inches) 
and any individual flake shal be no morettwn 0.1 milH* 
meters (0.004 inches) 

(11) TNT IS one ot the least sensitive ot miiitary 
6iipl(Miviee!Ofriy8ninioiiiuinplcfate,riNrogu8nidkie,fliKj 

ammonium nitrate are less sensitive Impact tests yield 
higt) values relative to other military expk>s4ves, but 
Impact aonsNMly Ine roaaoa sharply wflh IncrMsIng 
temperature, as shown in table 8-56. Diminishing serv 
sitivify has been reported down to -196°C Gap and 
projectile test results indicate cast TNT rs less sensitive 
ttw> the pressed materiel. Test results from the mw^ 



raMea-S«L knpwtSmtaimyafTNr 



Tmfmmun 
iii*C 


mthai on 

apparatus writh 
2 kUogram weigM 


-40 


17 


Room 


14 


80 


7 


90 


3 


OS 


2 (five explosions 




In 20 trials) 



Tadto 8-571 G^raatAaautefcrTMr 





grams per 
cubic contn eler 


Percent 

vo«ds 


Sens^tivity 
in rniliirre'ers 


NSWC smalt scale gap test 


1.651 


0 


3.96 




1.S81 


5.5 


8.25 




1.353 


18.0 


790 


LANL small scale gap test 


1.833 


1.3 


0.33 




0.04 


40.2 


NO GO 




0.77 


53.4 


4.11 


LANL large scale gap test 


0.87 (flake) 


47.4 


371 




0.73 (granular) 


55.9 


60.8 



Hied gap test for cast and pressed TNT are shown ki 
ttUlB 8-57. Finely divided TNT, as obtained by fum« 

cortdensation. is more sensitive to impact than the 
crystalline material. TNT which has been exposed to 
Rght Is also more sensMve. The psndulum frtcdoR lest 
does not affect TNT. The material is insensitive to rifle 
bullet impact at room temperature whether uncontined 
or oonflned in iron, tin, or cardboard bombs. The same 
results are obtained at the temperature between 105*C 
and 1 10X with tin or cardboard bombs and in the iron 
bomb with an airspace. In an iron bomb with no airspace 
70 percent of the Mais resulted In eiiploelone. The 

explosion tOTrperature tor unconfined TNT is 475*0 
which is much higher than for other commonly used 
military explosives. Explosion temperatures for con* 
fined samples depend on the puri^ of the sample and 
test conditions. Results in the range of 275°C to 295°C 
are obtained. Heating in a closed glass capillary tube 
ylekto a vahiaof 320^tod25*C. TNT has h^jh minimum 



datona B ng charge values for initiation by lead azids or 
maraury fulminate. The dry material can be dslonalad 

l>y a number s i x electric blasting cap but the presence of 
only 7 percent moisture prevents detonation. This is 
compared to 14 pareent and 35 percent molsliire 
required for the desensitization of RDX and PEJN 
respectively. TNT pellets pfessed from flake TNT 
undergo substantial reduoHons in the rate of detonation 
and sen sitivrty 10 InMaHon a llar stor a ge for one week at 
65=C These diarrgesareacconrtpanied by exudation of 
otty impurities. recrystaNizatton. and sementatlon of the 
TNT. TNT is not ctassNled as dangerous wNh respect to 

hazard from electric sparVs The sensitivity to electric 
discharge for 100 mesh TNT is 0.06 joules unconfined 
and 4.4 joules confined. ThefinediislofTNT is sensitive 
to oltt ciri c sparks. When ignited in free air, the dust 
bums completely without detonation: and the tempera- 
ture of the liquid phase must be StO'C it detonation is to 
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result from burning. Even when it is under a gas pres- 
sure of 100 psi. the liquid phase temperature must be 
grMlerthan 2BS^ if TNT Is to bum wKh subMqiMnt 
explosion. Figure 8^7 ahows the nmM of trials of the 
Susan test for TNT. 



100 



UJ 

< 
111 
-I 

> 

O 

111 

5 




(0) (244) (480) 

PROJECTILE VELOCITY AT IMPACT - MIS 

Figun 8-67. Susan test rest/As for TNT. 



(12) TMT is tfie standam explosive to which all 
the other explosives are compared. In the sand test 48 
grains of sand are crushed. The detonation velocity may 
be computed by itie foNowing equations: 

0»1.673-i-3.187)9 for 0.9 <p < 1.534 

D«6.762-(-3.187(p- 1.534) -25.1(p-1.534p 

for 1.534 <p < 1.836 



where 0 is in kilometers per second andp, the density, 
is in grams per cubic centimeter. Detonation velocities L 
of atlck clwiges can be subelanlisly incrsaaed by ihs ' 
presence of an axial channel The detonation tempera- 
ture also increases with density. At densities of 1 .0 and 
1 .59 grams per cubic oanflfnelerthe detonation temptr* 
atups laSiOOiyK and 3,450''K. respectively. The detona- 
tion pressure as a function of density is shown in 
table 8-58. 

raMs8^. tMonmionPnuunotTNT 



Daml^ in Qiimt 


OdOMaonpfMitra 


ptrcubteoanlhMtor 




1.60 


202 


1.63 


190 


1.64 


190 


1.85 


222 



In the copper and lead cylinder compression tests the 
cylinders are compressed 3.5 and 16 millimeters, 
respectively. The depth of the dent in the ptato dent test 

is about 0.205 millimeters The energy of detonation at 
1.65 grams per cubic centimeter is 1,265 calones per 
gram or 4.10 joules per gram. At 1.62 and 1.64 grams 
per cubic centimeter 684 and 690 liters of gas are 
evolved, respectively. Fragmentation effects of pressed 
and cast TNT charges are shown in table 8-59. 



1 



Table 8-59. Fngmentaffon SffiBCfs of TNT 



Density in grams 


Pressed/cast 


Average number of 


Average vetodly 


per cubtc 




Ssonwlv produced 


of fragments in 


cemimetw 






rnalw* per •eoond 


1.54 


pressed 


1,070 


3.620 


1.58 


cast 


1.850 


3.570 



The Chapman-Jouguet parUde velocity at 1.S9 grams 

per cubic centimeteris 1 83 kilometers per second, The 
Von Neumann peak pressure at 1 .614 grams per cubic 
centimeter is 237 kilobars. The critical charge diameter 
Of stidc charges of TNT is Influenced by several factors 
including initial density, grain sire initial temperature, 
and degree of crystallivity. TNT cast with many crystalli- 
zation centers, es is obtsined by adding TNT Med 
crystals to the melt just before solidification, has a 
smaller critical diameter than that made by conventional 
crystallization from a clear melt. Cast and pressed 



charges of the same density have very different critical 

diameters The reaction time of pressed TNT is less 
than haff that of the cast material. Axially oriented Tl^ 
crystals show unstable detonation while radially 
oriented crystals detonate smoothly. TNT dstco aH en 

products van,' with the degree of confinement as shown 
in table 8-60. Increasing confinement shifts the forma- 
tion of cartKm monoxide 10 that of solid cartxm, and the 
formation of hydrogen gas to that of water The degree 
of conversion of the nitrogen atoms to elemental nitro- 
gen remains consistent regardless of confinement 
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Table 8-60. Effects of Confinement on TNT Detonation Products 



Product modes par moie o( TNT 

Confjnement CO2 I CO I C(sj | N? I HtO I H> I NHi 



Heavily confined 1.25 1.W 3.85 1.32 1.60 0.46 0.16 

Both ends of cylnder open 1.07 2.56 3.28 1.34 1.40 0.74 

Unconfined 0.06 5.89 1.01 1.36 0.17 2.31 0.02 



Trace amounts of methane, hydrogen cyanide and 
ethane were also detected. In the Trauzi test. 10 grams 
Of TNT expand the cavity by 285 10 306 ouMc oentim»- 
tefs. 

(13) TNT shows no deterioration after 20 years 
Storage in a magazine or atter two years storage as a 
liquid at 85^2. Only a email amount of deoompo a Won 
occurs after storage at 150°C for 40 hours. Above that 
temperature slow decompositk}n occurs. Autotgnition 
oooura after about 38 hours at 200*C. The thermal 
deoomposi1j<»i of liquid TNT is characterized i>y the 
sigmodial cun/e typical of an autocatatytic reaction 
Explosions occur atter an induction period that varies 
witti tamparature. Hoiwevar. haalmg at the boiling point 
causes distillation but not explosion in small samples 
TNT vapor was found to undergo no decomposition over 
the range SSlfC lo 30l*C at 95 10 500 torr. even at 
357"C the vapor does not explode although decomposi- 
tion is quite extensive As shown in figure 8-68, differen- 
tial thermal analysis indjcates an endotherm at 75' C to 
10(rC and an axotharm at 260^; to 31(rC. The TQA 
curve is shown in figure 8-69. Although at least 25 
products are formed, the major products obtained t>y 
heating a sample of TNT for 26 hours at 200*C ana: 



Unreacted TNT 75-90% 

Explosive coke 0- 1 3% 

4,8-Oinii roa i i airanii 2-4% 

2,4,6-Trinitroben2aldehyde 1-2<¥o 

Azo and azoxy compounds 0.4% 

2.4.6-Trlnilrobenzyi dcohol 0.2% 



The structure of 4,6-dinitroanthraniI is shown in figure 
8-70. The explosive coke is a brown, intractaOle powder, 
appafWMly polymaric. melting about 360*C. and oon- 
tarnrng nltro groups. The infrared spectrum indicates the 
presence of the nitro groups. Since similar results were 
obtained from liaating TNT in a inert atmoaptiara and 
a x po aod TNT lo air« oxidation must have oceurrad at lha 



expense of nitro groups which would correspondingly 
be converted to azo or azoxy compounds or to an 
anthranN by inlar^ and inlramolacular reaction, raspao- 

lively, with the methyl groups. The most likely type Of 
azoxy compound formed (s shown in figure 8-71. 
Polymarization and orossinking by reactions of this type 
can explain the formation of the explosive coke. The 
compound of the gases evolved was found to vary with 
the extent ot reaction and with the temperature. The 
oompHcated nature of Via procaaa ia ahown by the fact 
that the evolved gases contain not only water corres 
ponding to the formation of the products cited atx>ve, but 
also CO, Na, NO. N2O. and even acetylene. Rupture of 
the C-H bond in the methyl group is the rale determining 
step in thermal decomposition of TNT The activation 
energy ot thermal decomposition is 40. 9 :t 1.6 
M ioc atef ia a par mola during the induction period and 

30 2^0 6 kilrvcalories per mofe for the post induction 
period. Added nitroaromatic compounds have no effect 
on the rate of thermal deoompoaWon of TNT. Nitramine 
and aliphatic nitrated esters have only a slight effect. 
Strong promoters of decomposition include potassium 
nitrate, potassium chlohde, certain iron and cobalt com- 
pounds, and ammonia. Other adiva oompounda 
include: hydroquinone, benzoic acid activated cart)on, 
various plastic materials used to seal or line ordnance. 
Irinilrobenzaldehyde. 4.6<linitfoaulhranil and expioeive 
coke. The last three compounds are thermal decom- 
position products of TNT Aluminum oxide has a pro- 
nounced effect, while PbO, Fe, Ai, and Fe^Oa are leaa 
effective in that order, and 8n and CuO have littta or no 

effect. Previous exposure to ultraviolet light for several 
iKMJrs also accelerates thermal decompositton. Moia* 
ture has no effect on the stability of TNT, which is unaf- 
fected by immersion in sea water. However, at 50°C 
ethanol reacts with alpha or gamma but not beta TNT In 
case of alpha TNT the products are ethyl nitrite and an 
unidenUfied nRrooompound that melts at77.5*lo77.9X? 
and is aolubia in exudate oM. 
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FRACTION OF 
ORIGINAL SAMPLE 
A8 PERCENT OF 
WEIGHT 



75'Vo — 



50% — 



25% - 




100 



200 300 



400 



500 



Hgw TGA oufv tor TfiT. 



OsN 



CH O 



CHj 



NOf 

Figure 8-70. 4,6-Dinnroanthrantt. 



OM ^ -NO* 

/^"'•^ Vch, 



Rgun 8'7r. fiiptosAw coke azoxy eompound. 



(14) Photolysis of aqueous solutions of TNT. 
Mich as the wastes obtained from munition plants, leads 
to the formation of pink water. Ultraviolet light excites the 
nUro group to a triplet state according to ttie equation: 

ArNQz •('Optical energy — » ^ArNQs 



Whefe Ar represents the aryl radical, which is the 
aromalie benzene ring witli one hydrogen atom 
removed. The high energy triplet state extracts the 
hydroqan from the h>/droxyl group of certain ptienols 

according to the equation: 



>ArN03+R0H 



^ArNQaH+RO 



Thte reaction is reversible and occurs with certain other 
nitro compounds. Flash photolysis of TNT entails intra- 
molecular hydrogen abstraction from the methyl group 
by the ortho nitro group according to the reaction shown 
in figure 6-72. Reaction sequence (1) has been iden« 
tified in nonpolar solvents. Reaction sequence (2) has 
twen identified in soiar or basic solvents. PlK>toexcita- 
Hons of TNT at 215"C in the gas phase or at room 
temperature in certain solvents, especially dioxane, 
leads to the formation of 2,4,6-trinitrobenzyl free radi- 
cals. Ultraviolet irradiation of aqueous solutions of TNT 
has yielded a mixture of products. 15 of which have 
been identified The methyl group has undergone reac- 
tion in all cases yielding one of the following com- 
pounds: an alcohol, an aldehyde, a carboxyl, or a deriv- 
ative of one of tiMSa compounds. A nitro group has 
reacted in some cases, but this is always the ortho and 
never the para group to the methyl group. Solid TNT 
produces Irinitrobenzoic add upon exposure to light 
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CH2 




Annnonluni Mlrctt. 

a. Ammonium nitfale (figure 8-73) has a nitrogen of 20 percent, and a molecular weight of 80 Ttw 
content of 35 percent, an oxygen kiaianceto H2O and Na crystal modiflcadone of ammonium nitrale ane ahown in 

table 8-61. 



TaAle SSI. Crysted ModfticaHons of Ammottium AAlntfe 







Ovnaity in 








grains pw 

cubic 




Fofm 


Crystal system 


cantinnetar 


Range "C 


Liquid 






Above 169.6 


1 Epsilon 


Regular (cubic) (isometric) 


1.58 to 1.61 


125.0 to 169.6 


11 Delta 


Rhombohedral or tetragonal 


1.64 to 1.87 


84.1 to 125 


III Gamma 


Orthorhombic 


1 .64 to 1 .66 


32 3 fo 84.1 


IV Beta 


Orthorhombic 


1.71 to 1.75 


-18 to 31.2 


V Alpha 


Tetragonal 


1.70 to 1.72 


-ieto-150 
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The density of the molten material In grams per cut>ic 
I oeMimeter is 1.4412 and 1.36 at 17S*C and 200^. 
'ospoctivolv When heated at atmospheric pressure, 
decomposition occurs at 230''C and deflagration occurs 
a(32S*C. TTisfs may even be decomposition at temper- 
atures as low as 1 00*C si nee constant weight cannot tw 
obtained at ttiis temperature and decomposition is quite 
perceptible above the melting point. The boiling point of 
the puns malertal is 210*C. Distillation without deoom- 
position can be carried out at 11 forr On the Mohs scale 
a scratch hardness of 1.1 is reported. Specific heat 
values as a function of lampsralura ara lislad in 
tabla8-e2. 



Tabte 8-62. Specific Heat of Ammonium Nitrate 



TempMlm in 'C 


Spedftc heat in 

calories per gram 

-r.r-r '^enrre cen': grade 


-200 


0.07 


-150 


0.19 


-100 


0.30 


- 80 


0.35 


- SO 


0.37 


0 


0.40 


so 


0.414 


100 


0.42B 



The heat of fusion is 18.23 calories per gram The heat 
of formation is 86.6 kilocalories per mole. Under con- 
stant prassure, the heat of oombustton is 49.4 
kilocalories oe-- mole and at constant volume, the heat is 
50.3 kilocak>nes per mole. At 25'C the latent heat of 
subimadon is 41,8 MIocalorfes per mole. 




Figure 8'73. Structure twmula tor ammomumnttr^. 



b. Ammonium nitrate can decompose according to 
any of the nineequatiens Nsied beloMr. Unlees otherwise 
stated the heats of decomposition are t>ased on solid 
phase ammonium nitrate. For moiten ammonium nitrate 
add about 4,000 calories per mole to tie vaNiee. The 
valuee fbr the heat liberated are at constant pressure 



and ire for soid ammonium nitrate with all d ec o mpo- 
alHon pioducts in gaseous form . None of these reactions 
occur as a single reaction , but are always accompanied 
by other reactions. The predominate reactions are the 
ones listed in (2) and the two Isted in (7): 

(1) NH4NO3 — ' HNOa + NHa +38.30 
kilocak>ries This reaction takes place at a temperature 
somewhat above the melting point of ammonium nitrate. 
The oorrespondlng value tor the solid strit is -41 .70 
kHocak^ries 

(2) NH4NO3 — • N2O ♦ 2H2O * 13 20 
kilocalories with HzO gas and 33. 1 0 kilocalories for H2O 
liquid. For the same reaction the value of-10.7 
kilocalories has been reported This reaction takes 
place in the temperature range of IdCC to 200''C when 
the ammonium nitrate is unconfined. Oxides other than 
N^Ofbrm at 203"Cto285^. Decomposition at 260^ is 
accompanied by puffs of white smoke. 

(3) NH4NO3 — ' H2+0.5O2+2H2O + 30.50 
kilocalories for H2O gas or 50.40 for H2O liquid. For the 
same reaction, values from 27.72 to 30.50 icHocalories 
are reported for H?0 gas. This reaction takes place 
when ammonium nitrate is heated under strong con- 
finement or wtien initiated t»y a powerful detonator. This 
is the principal reaction of complete detonation of 
ammonium nitrate. According to calculations, this reac- 
tion devek>ps an approximate temperature of 1 ,500°C 
and prsaaure of 1 1,200 icilograms per square centime- 
ter. The gas evolved is calculated to be 980 liters per 
kilogram at standard temperature and prebsure 

(4) NH4NO3— * NO + 0.5N2+2H2O + 9.0 
l<ilocaionae for HzO gas or 2B.90 Idlooalofies for HsO 
liquid. A value of 6.87 kilocalories has also been 
reported for the reaction with the H2O gas. This may be 
one of ttie side tsadionetaidng plaoe during ineomplete 
detonation. A pressure of 4,860 kilograms per square 
centimeter and a temperature of appfONimateiy 518X 
are developed. 

(5) NHaNOi— 0.5HN3+0.75NO« 
'I-0.25NO +0.25Mt+1.25H2O -21 .20 kilocalories. This is 
a reaction of decomposition that occurs when ammo- 
nium nitrate is under confinement at 20OX to 260X. 
This endothennie reection is toliowed. at 200*0 to 
300*C, by explosion of the gaseous products of reac- 
tion. This expk>sion is an exothermic reaction ltt>erating 
48.49 kilocalories Of hset wNch is more than l,5tlmee 
as great as the heat liberated by reodlon <3) above. 

(61 3NH4NO3 — ► 2N2-N2OJ + 6H2O +20.80 
kilocalories tor H2O gas or 40.60 for H2O liquid. A value 
of 2 1 .80 has also been reported for the reaction with the 
I420gas. TNe readioncannottake piacealone because 
hbOs exists only in the dissodaled stale as NO -t-NOi. 
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(7) 4NH4NQ9— 2N02+3NI+8H20 +29.80 

kilocalories for H2O ga'^ or 4g 80 kilocalories for H2O 
liquid. A value of 24.46 has been reported for the reac- 
tion twilh the H2O gas. This is another possible side 
reaction occurring during incomplete detonation. For 
this reaction, a similar endothermic reaction can taite 
place: 

4NI^4NQ3 -»3N02+5HaO-i-IM2-l-NH9-l-NO 

-84.88 Mlocaloriea 

If flie gaseous products are healed, an eMplosiva 
sKolhemiic reaction talcas place. 

(8) 5NH4NO3 — * 2HN03+4N2+9H20 
+35.10 kilocalories for H7O gas or about 55 kilocalories 
for H2O liquid with HNO3 dissolved. This reaction takes 
place under certain condttions such as in the presence 
of spongy platinum and gaseous HNO3 

(9) 8NH4N03 — - 16H20 + 2N02 + 5N2 

+ 16.58 kilocalories. This reaction takes place during 
inoompieto detonation and is accompanied by a yeVow 

flame. The calculated value for the total gas developed 
by this reaction is 945 liters per kilogram 

c. Ammonium nitrate decomposed by strong 
alkallee Iberates ammonia and decomposed by sulfuric 

acid forms ammonium sulfate and nitric acid In the 
presence of moisture, ammonium nitrate reacts with 
copper to form tetraminocupric nitrate, Cu (N03)2 
. 4NHs, which has the same sensitivity to impact and 

bftsance as lead azido For th:s 'oason too's of brass 
and bronze are not used m operations with explosives 
containing ammonium nttrale. 

d. Ammonium nitrate can be manufactured by 

several • ••''-ods The most common method is by 
passing ammonia gas into 40 percent to 60 percent 
nitric acid. Both the ammonia and nitric add are pro> 
ducad by a catalytic process from atmospheric nitrogen, 
so the ammonium nitrate obtained is of very high purity. 
The solution is then concentrated m evaporating pans 
provided wfth air agftation and heating ojils. To form 
ammonium nitrate crystals, one of three methods is 
used One method involves transferring the matenal 
that has fudged in the evaporating pan to a flat grainer 
ttiai is equipped vvith slowly rotating stainless steel pad- 
dIes.Stirring in the open cools the syrup, drives off the 
renoairtder of the water and produces small, rounded 
crystals of ammonium nitrate. Another method involves 
transferring the solution, which has been concentrated 
to about 95 percent, from the evaporating pan to the top 
ot a spraying tower. In the tower the solution is sprayed 
and alowed to fall where Vie remainder of ttis moisture 
evaporates and spherical grains, about the sise of buck 



shot, of ammonium nNrata are formed. The grains are 
called prills. In the third method crystals are formed by 
vacuum evaporation at two torr, centntuging, and drying 
to remove the remaining one to two percent moislufe. 

e. Ammonium nitrate used for mlttaiy purposes 
murt meet tiie foHowing requirement: 



Moisture: 

Maximum, 0.15 percent. 
Ether soluble material: 

Maximum. 0.05 percent. 
Water-insoluble material of ettW-eKliacI: 

Maximum, 0.10 percent. 
Watef'insoluble malerM: 

Retained on a 250 micron (No. 60) sieve, none. 

Retained on a i?5 micron (No. 120) sieve. 
Maximum, 0.01 percent. 
Acidity, as nitric add: 

Maximum. 0.02 percent 
Nitrites: 

None. 

Chlorides, as amnnonium chloride: 

Maximum, 0.02 percent 
Phosphates, as diammonium phospfuite: 

0.21 ±0.04 percent 
Sulfates, as diammonium sulfate: 

0.007 to 0.014 percent 
Boric add: 

0.14 ±0.03 percent. 
Ammonium nitrate: 

Minimum, 98.5 percent 
Density: 

Part'Cle, g'mi 
Minimum, 1.50. 

Bulk. g/mf. 
Minimum, 0.80. 

Bulk, ibs/cu ft. 
Minimum, 50.0. 

pH: 
5.9 ±0.2. 

Granulation (percent by weight): 
Through a 3360 micron <No. 6) Sieve. 

Minimum, 99.0. 
Retained on a 1680 micron (No. 12) sieve. 

50.0 - 85.0. 
Retained on a 840 micron (No. 20) sieve. 

Minimum, 97.0. 
Through a 500 micron (No. 35) sieve. 

Minimum. 0.5 
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The material must be froa of nitrila and alkaN. The 

granulation of ammonium nitrate is closely controlled so 
' that satisfactory fluidity and density can be obtained in 
oontpoaHion axploalvieai. 

f. Ammoniumnilralalathaleastaenailiweloimpact 

of any of the military explosives Impact sensitivity var- 
ies with temperature as shown by the toJiowing data: 



booster charges. Larger quantities cannot be detonated 
completely at densities greater than 1 1 The admixture 
of up to eight percent <^ nonexptosive cart)onaceous 

ammonium nitrala to 



in*C 



25 
100 
ISO 
175 



Impact height in inches 
(Pjc«tinny apparatus) 

31 
27 
27 
12 



The material is unaffected by the steel shoe in the pen- 
dulum friction test and does not explode in the five 
second explosion temperature test. Heating pure, 
imoonflnad ammonium ntlrete produces a more or less 
rapid decomposition accompanied by a flash and a his- 
sing sound but no explosions. H a crystal or a piece of 
cast ammonium nitrala la ihtowwi upon a hot plala at a 

tenoeralure of about 500*C, the material immediately 
catches fire and burns rapidly with a yellowish flame and 
a cracklir^g or hissing sound, but leaves no residue. If a 
large piece of cast ammonium nMreila is thrown upon a 
rPKj hot plate, the decomposition proceeds quickly 
enough to resemble an explosion. The minimum tern- 
paratura at wfildi a oonflnad charge iwill aatploda Is 
around 260°C to 300''C under a pressure of about 
1 7^37 kilopascais (2.&00 pounds per square inch). The 
sensitivity may be increased by the addttion of powr- 
dered copper, iron, aluminum, zinc, chromium oxide, or 
chromium nitrate. Powdered limestone, kieselguhr, and 
clay reduce the sensitivity to heat. No expk>sions occur 
Intherfflebulat Impact laal. Inttiesand test, only partial 
explosion of ammonium nitrate results cvc-n it boosted 
with a charge of tetryl or RDX. Larger charges, when 
properly combined, can be dslonalad by means of a 
boosMroharge of te^ but not by maansof a lead azide 
or mercury fulminate blasting cap. If ammonium nitrate 
is unconfined, a number eight blasting cap will not cause 
completo detonalion. The moNan material is easier to 
initiate than the solid and the dry material easier to 
initate than the moist The sensitivity of ammonium 
nilrale to InWalion dacraaaes with inpeases in loading 
density. If ttie density exceeds 0.9. ehaiges of one to 
three pounds cannot be detonated comp l etely by large 



g. The brisance of ammonium nitrate cannot be 
measured in the sand test because of a failure to com- 
pletely delonato. The lead oylnder oompresaion test 
Indtoates a brisance of 54 penant of Tl^ for a sampto 
with a density of 1 3 grams per cubic centimeter. 
Ammonium nitrate has a very low ability to propagate a 
detonattnQ wave, m unoonRnad charges that are long 

I email m diameter, the detonating wave dies out 
reaching the opposite end of the cartridge. 
Ammonium nitrate has a very low velocity of detonation. 
Factors affecting the velocity of detonation are density, 
degree of confinement charge diameter, particle size, 
strength of the initiating impulse, temperature of the 
aanifito. and the presanoe of certain impiiriliae such as 
organic materials or oxidizable metals. The rato of deto- 
nation increases with decreasing particle size. A 
decrease tn the apparent density of the charge and an 
increase in confinement causes an increase in the 
velocity of detonation. An Increase In the temperature of 
the charge from 1 5X to 1 40°C results in an increase of 
400 meters per second in ttie rato of detonalion. WttNn 

certain limits an increase in the Strength of the initiating 
agent, the diameter of the charge, and presence of 
organic compounda or oxidizabia metols can increase 
the rate of detonation. The vetodly of detonation variea 
from 1 , 1 00 meters per second to 3,000 meters per sec- 
ond. The Trauzl test indicates ammonium nitrate is 75 
percent as powerful aa TNT and the baMaHe mortar toet 
indicates a power of 79 percent Of TMT at adanil^ef 1.0 
grams per cubic centimeter. 

h. The vacuum stability test at 150°C indicates 
ammonium nitrato is a very stable material even at that 

temperature. Heating for 100 days at lOO'C causes no 
appreciable decomposition. Decomposition does not 
appear to begin unffl the compound melts. At 220^ 
nitrous oxide, water, and nitrogen are formed. High 
temperature decompositk>n is used to manufacture 
nitrous oxide. If an organic material such as celiukue is 
present, dscemposit l on of the mixture begins at 100*C 
and IS pronounced at IWC The DTA curve for am- 
monium nitrate is shown in figure 6-74 and the TGA 
curve la shown in figure 8-75. Admfachire with TNT has 
liMe if any effect on the stability of ammonium nitrate at 
temperatures less than 120°C. 
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d-ti. ComposMont. Compositions are explosives 
In wMoh two or mora wploBlveoornpoiindBaie mixed lo 

produce an explosive with more suitable characteristics 
for a particuiar application. Gendrally, the characteilS' 
oi mo oomposnion aro innrnieaiais Dviwoon ms 
characteristics of the ir)dividual expic^ive ingredients. 
For example the addition of TNT to RDX reduces bri- 
sance somewhat but considerably improves sensitivity. 
Th» oofnfwriOon «q)tostvift aPB catogofized by the 
number of inowdionls oonlalned in (he mbdura. 

a. Binary Mixtuns. 
(1) Amalole. 



(a) Amatols are binary mixtures of ammo- 
nium nHrale and TNT. The peroentagee of ammonium 
nitrate and TNT are reflected in the nomenclature for 
each mixture, for example, 80/20 amatol consists of 80 
percent ammonium nitrate and 20 percenlTNT. Anvno- 
nium nitrate is insoluble in TNT. The chemicai and 
physical properties of the constituents determine the 
properties of the amatol. The mixture begins to melt at 
TNTe meiting point but the ammonium nilraie, wMdi 
has a higher melting point, remains solid. The two ingre- 
dients may be dissolved separately. Table 8-63 com- 
pares the properties of some of the oommon amatol 
composiikins. Amalols can be used tor siieil and bomb 
lililng. 



Table 8-62. Properties of Amatols 



Prope-" r-s 


AmMd OOmSOiiHan 


80. 20 


60:40 


50 50 


45.55 


40160 


Nitrogen oontent 


31.7% 


28.4% 


26.8% 


25.9^0 


25.1% 


Oxygen balance to CO2 


+ 1.200/0 


-17.0% 


-27.0<yo 


-31.7% 


-36.40/0 


Oxygen balance to CO 


+ II.O6O/0 




-2.320/0 


-4.55% 


-6.78% 


Color 


Ltbuff 


Lt buff 


Buff 


Buff 


Buff 


IMeMng point *C 






81 


• 




Heat of comhuslion 












at constant volume 


1.254 


* 


2.073 


• 


2.402 


Specific heat 












20*to8(rC 






0.383 


* 


• 


Heat of detonation with 












liquid water at 












constant volume in 












kilocalortse per 












gram 


1,04-1,200 




9S0 




820 
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(b) 80/20 amatol is manufactured by heating 
ground and screened ammonium nitrate to 90* - 95''C in 
a mixing kettle with a steam jacket, Ttie ammonium 
nitrate cannot contain more than 0.25 percent water and 
tmmt be finely gramitaMNl. The proper amount of moNen 
TNT at 95*C is gradually added with mechanical agita- 
tion The mixture is thoroughly blended by continuing 
the agitation at 95°C for at least 1 5 minutes after the TNT 
has been addad The mixture is then suitable for praaa 
loading or extrusion The explosive is a plastic mass 
resembling wet brown sugar. Improper granulation of 
the ammonium nitrate can, on ioeding, cause separa- 
tion of the molten TNT. To manufacture amatols with a 
60 percent or less ammonium nitrate content, molten 
TNT is placed in the steam jad^eted kettle. The 
ecreened and dried ammonium nltiaiei wliich has tieen 
heated to 90" to 95°c is added with agNatfon at a fate 
that prevents lumping. Agitation at StT to 99^ l8 maln- 
tained unm thorough Handing and unifomi fluidify are 
obiainad. The temparature of the mixture ia then 



reduced to 85°C for cast loading. The explosive resem- 
lilae caat TNT. 

(c) Impact tests indicate 80/20, 60/40. 50/50, 
and 40/60 amatols are 90 to 95, 95 to 1 00, 93 to 100, and 
93 to too percent as sensitive as TNT, respectively. 
Amalola are unaHacted by theitftetMilet impact teet end 
the pendulum friction test. Explosion temperature test 
values for all the amatols are lower than that of TNT; 
260*0 to 300*C for 80/20 amaM. 270rC for 6<V40 
amatol, and 254''C to 265*C for 50/50 amatol. In the 
sand test 50/50 amatol is less sensitive to initiation than 
TNT, requiring a minimum charge of 0.05 gram of tetryl. 



Tatie d'64. Detonation Characteristics of Amatois 





80.'20 


60-40 


s<vso 


40/60 




Amatol 


Amatol 


Amatol 


Amaiol 


Brisance by sand test 


740/0 


90^0 


90<»/o 


94% 


Brisance by fragmentation test 




81% at 


82<yoat 








density 


density 








of 


of 








1.53 


1.55 




Brisance by copper 


• 






81% at 


cyNndor compression test 








density 










of 










1.56 


Po«ver by Treuzl teet 




• 


116% 


120% 


Power by ballistic mortar teet 


130% 


120% 


123% 


• 


Detonation velocity in meters 










per second at 1.59 to 1.6 grams 










per cubic centimeter 


[ 5,300 


6.200 


6,400 


6.550 



trophenol, and special tests have shown that less of this 
initiating agent is required to detonate cast or pressed 
StVSO amaiol than la requirad for cast or preaasd TNT. 

(d) Detonation eharadedetics tor the 

amatols are listed in table 8-64 In the table, percent- 
ages are relative to TNT and density is given in grams 
per culilc centimeter. 



Other experimental determinations of the velocity of 
detonation yields divef*gent results from those shown in 

the table, at least partially due to the variations caused 

by the granulation of the ammonium nitrate Amatols 
have better oxygen balance than TNT producing larger 

amounta Of 9aaeoue exptoeion products. This aceounte 
tor tite greater power of the amatols 

(e) The stat>il<ty ot 50/50 amatol is a little less 
than that ot TNT at temperatures of 100° and 120°C as 
indieated by vacuum stabNity laats. There evManHy ia 



very slight reaction between TNT and ammonium nitrate 
at ttiose temperatures. At tomporalures twiow the 

melting point of TNT, there is no evidence of reaction. 
After storage at 50°C for three months, there is no 
change in the sensitivity, bnsance, or stability of 50/50 
amatoi; and many additionei nmnths of such storage 
without effect might be anticipated. The DTA curve for 
Ba'20 amatol is shown in figure B-76. Amatols are 
hygroscopic due to the presence of the emmonium 
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(f) SO/5OAmatolha8analrMa«t«ner0yof84 
pefMnl of TNT, a water shock energy of 94 percent of 
TNT, and a shaped charge efficiency ol 54 (Mroent of 

TNT. 

(g) Detaffninatlon of iho compotWon of 

amatol can be made by extracting a weighted sample 
with benzerte, drying the residue and weighing this. The 
weight of the residue is calculated to percentage of 
ammonium nitrate and the difference between this and 
100 percent represents the percentage of TNT. 

(2) Composition A 

(a) Composition A explosives consist of a 
Miles of formulations of RDX and a desensitizer. Table 
9^ lists the composition of the exploaivaa. Cocnpoai- 
tions A and A2 contain the same psroeniaoos of iiibI»> 



TabiB 8>65. Composition A Exptosrvea 



ComposiUofi 


iiiQivdiwii) in pwovni 


Commants 


RDX 


OesensMizIng 
wax 


Stearic 
add 


Po>yethy)«ne 


A3 


91.0^0.7 


9.0±0.7 


• 


• 


High explosive. 












projectile filler 


A3 type II 


90.8±0.9 






9.2±0.9 


High eacplosivs. 












projectNe Mer 


A4 


97.0 ±0.5 


3.0 ±0.5 


• 




Boosters 


AS type 1 


98.5 ±0.5 


• 


1.5 ±0.5 




Shaped charges. 












grenades 


AS type U 


9B.0 minifnuni 




1.6 minimum 




Also contains 0.4 












percent lubhcartt 


AS 


B6 


14 






Piojectltolllisr 



rials as compoaMon A3 but the type of wax used andlhs 

granulation requirements for the RDX are different. 
Composition A contains beeswax, while oimposition A2 
contains a synthetic wax. Compositions A and A2 are no 
longer used. Al of the oomposflion A explosives are 
press loaded- The dens^^y of composftion A3 is 1 47 and 
1.65 grams per cubic centimeter when pressed to 
20,685 Mlofwseals (3.000 pounds per square inch) and 
82,740 l(ilopascals (12.000 pounds per square inch), 
respectively Composition A3 may be completely die- 
solved in benzene and acetone, when these solvents 
«rs used successively. The color of the oomposiHon 

depends on the color ot the particular doscnsitizer used. 
For composition A3 the heat of formation is -24.8 
lo-26.4i(ilocalories per gram and the beat of dslonalion 
Is 1^10 kilocaloitss per gram. 



(b) The manufacture of composition A3 is 

carried out by heating a water slurry of RDX r>earty 
lOO'C and agitating. The wax, which contains a wetting 
agent, is added during agitation and agitation is con- 
tinued while the mixhire is allowed to cool to a tompsra- 

ture less than the melting point ot the wax After being 
caught on a til'er the composition s a r dried at 77*0. 

(c) The relative impact sensitivity of compo- 
sition A3 Is 125 percent of TNT. There are no initiattons 

in the rifle bullet impact test or pendulum friction test with 
either the steel or fiber shoe The five second explosion 
temperature test result is 250 G tu 280 C. In the t>ooster 
sensitivity IssI, tfirith material pressed to a dsnsMy of 1 .62 
grams per cubic centimeter, detonations in 50 percent of 
ti>e trials are caused by 100 gram tetryl pellets sepa- 
rated from Ihe compocritlon A3 by acrawax B psHsis 
4.3t8 oenfimetefs (1.7 Inches) thick. The minimum 



detonating ctiarge of lead azide is 0.25 grams. The 
flamabiity index is 195 percent of TNT. 

(d) The sand test indteates composition A3 is 
1 07 to 1 1 5 percent as brisant as TNT and the plate dent 
test indicates 126 percent. In the fragmentation test a 
three inch shell containing 0.661 grams of composition 
A3 at a dcns'ty of 1 64 qrams per cubic centimeter 
produced 7tO fragments versus 514 for the same 
weight of TNT. The fragment velocily at a distance of 
2 75 meters (9 feet) is 853.44 meters per second (2.800 
feet per second) and at a distance of 7 77 meters (25 5 
feet) the fragment velocity is 771 .14 meters per second 
{2.530 feel per second). The detonation velocity for a 

sample of composition A3 at a density of 1 62 grams per 
cubic centimeter is 8,100 to 8.200 meters per second. 
The Trauzl test and ballistic mortar indicate composition 
A3l8l44paicentand135paioantofTNT,rBSpeGlively. | 
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(e) When subjected to the vacuum stability 
test for 48 hours at 100°C and 120*C composition A3 
evolves 0.3 cubic centimeters of gas and 0.6 cubic 
oenttmeterso^gas, respectively. These values are less 

for RDX, but slightly more for TNT. The lOCTC heat test 
indicales that composition A3 undergoes volatitization. 



Composition A3 is nonhygfowopie. 80 fs not affected by 
moisture during storage. Storage above 75°C is not 
recommended because of the softening effect on the 
WOK coaling. Figuras 8-77 and 0*78 show the OTA 
ciNvaa for composition A and A3, rsspacdvsly. 
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(3) CompoaWon B. Otfier portlorw of ROX and TNT ara cdM cydototo. 

(a) ComposHton B typa axpkwives are mlK- Table 8-66 compares the propertaaoHoma cowpoal- 

tures of RDX and TNT Composition B refers to mixtures <*on B type exptosivea. 
o( approximately 60 percent BOX and 40 perceni TNT. 



Table 8-66. CyckM Propertms 





Cydotoi 


Cyclolol 


Cyclolol 


Conn DO 


Compo- 




Compo8»tion and properti«8 


Typ«l 


Typ« U A 


Type lie 


•itKXi B 


attonB2 


sittonOa 


KercGnT nUA 


70 ±2 


70 ±2 


d9.d±2.u 


CA IT i 0 0 

59.5 ±2.0 


£A 

60 


59.9 ±1.0 


refveni i n i 








00 C -4- 0 A 


An 


An R 1 n 


Pawant wax 


* 






1x.ll3 






V^ICIUm SMIC0I6 








m 






f Tut. j j% ji. ■% ^^Imm^a a^ n*- 

(jxygen Dai«nc6 10 ii'USi 




— J / 






— 4v5 




uotor Of matenai 


Yei-tJutt 


Yel-DUTI 


• 


Yei-brown 


Yei-brown 




caataoMiy at wrc 


DffllouRy 


Difnowty 


• 


Eaaiiy 


Bsaiiy 






poiMd 


pQufiad 




pOMIWl 


Doured 




Thermal characteristics 














On unHa of caloriaa par gram): 














Heat of combuadon 


2.625 


2,685 


* 


* 


2.820 


- 


Heat of explosion 


1.225 


1.213 


* 


• 


1,195 


1.200 


Heat of fusion 


5.0 






<* 


• 




Impact sensitivity propertiaa 














with 2 Itilogram weight- 














Bureau o{ Mines apparatus 


• 


60 




75 


75 


• 


PlcaUnny Araanal apparatua 


* 


14 


■ 


14 


14 


- 


Waiglit of aampla in niMlgrainia 




20 




10 


19 




















OA 

ou 








e 
9 




Percent partials (smokes) 


40 


30 


* 


13 


55 


* 


Peroont burned 


0 


0 


* 


4 


25 


• 
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An 
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1 D 
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i/eionauun cnaracterisitcs. 














Bffaanoa by plate dent taat 














(paroant TNT) 


• 


196 




129-162 


132 


* 


Briaanoa by sand taat 














(paioantTNT) 


- 


118 


- 


113 


114 


- 


rraQmanianon laaK 

Number of fragments 














from 90mm HE, M71 shell 


1.514 


1.165 


- 


996 


996 




Weight of bursting charge in 














grams 


1.006 


1X»5 




993 


990 




Number of fragments 














from shell containing TNT 


703 


703 




703 


703 




Fragment velocity in maters 














par aaoond (faat par saoond) 














atdManoa2.74malin (9fM) 




* 


• 


896 


903.7 












(2,940) 


(2.965) 


• 


at distance 7.77 meters 








816.6 


853.4 


m 


(25 taat) 
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Tabh e-66. Cyclotol Pnpwties (Cont) 





Cydotol 


Cycloto) 


Cyclotni 


Compo- 


Compo- 


Compo- 


Composition and properties 


Type 1 


Type II A 


Type 11 D 


■Mion B 


allion B2 


sition B3 


The value for TNT at P ?4 








(aSiOeO) 


<9aflA\ 




mstfirs is 792 matafs oar 














Moond Md at 777 iimImb 














Is 719 motors oer sacond. 














Detonation rate in meters per 














second at room temperature for 














cennmoior onimMtr ctwugft 














(d in grams por CUbiC 


8,?52 


8,060 


* 


7,840 


7,900 




centimeter) 


at d 1.743 


at d 1.73 


- 


aid 1.68 


at d 1.72 


- 


Gm vohjnw in cuWe 














ooiiHnwiQftt per grain 


862 


864 


« 




845 


* 






























r 9fU9iii moo 111 lOI 


ft ft7 




A 9 






• 


w nourv 














Pofrpnt Itmm in 9nri 

1 tjlUUni WOB HI CIlM 




AMI 


« 




• 


















CA^iUiMon in 




iMor>e 




None 




* 


flUUfS 














nyHi vowjJT- ' 1 y 'i \fW\A3\\\ 














W wV w ttllU 9V/70 iOMIilVW 


■ 


Nil 




0.02 


Nil 


• 


humiditv 














Vacuum stability test 














results in cubic centimeters 














evolved in 48 hours: 


0.23 






0.7 






atlOO*C 


0.41 


0.86 


• 


0.9 


0.29 




at 1?0''C 






• 


11 + 






at 160"C 














Blflut oHa^ in flir Aft ft 














narcanl of TMT- 
















1 \ \ 


1 in 




1 ID 


104 




ImniilsA 








1 m 
1 lU 


1 ID 




Energy 


* 




• 


116 






Shapod dwge sffscHvsnsss 














as a percent of TNT: 














Hole volume with glass cones 


m 


* 


• 


178 


178 




Hole volume wHh ste^ cones 






• 


162 


162 




Hole depth with glass OOMS 


• 




• 


129 


125 




Hole depth with steal oonea 




130 


* 


148 


148 


• 



(b) Composition 6 grade A IS formulated as a 
6W40 ROX/TNT mixture, but high quality castings usu- 
ally are higher in RDX content t>ecause a TNT rich 
section is removed from the top of the casting. The 
casting has a nominal formulation oi 36 percent TNT, 63 
perosnt RDX, and 1 perosnl wax. The grade Aoomposi- 
Uon B is also made Itom grade A ROX. The Itieoistfoal 



maximum density of both grades A and B composition B 
to 1.737 grams per cubic centimeter. Ihe open melt 

density is 1 68 to 1 70 grams per cubic centimeter, arid 
the vacuum melt density is 1.715 to 1.720 grams per 
cubic centimeter. The theoretical maximum density of 
oompositlon B3 is 1 .750 grams per cubic centimeter and 
the vacuum melt density is 1 .725 to 1 730 grams per 
cubic centimeter. 7S/25 Cyclotol has a theoretical 
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HMUdmum dSMly of 1 .776 grams per cubic cantfrneler 
and a vacuum melt derisity of 1.74 to 1 .75 grams pec 
cubic centimeter. 70/30 Cydotol has a theoretical 
majdmum dansNy of 1.765 graira per cubic nnlinwlMr 
and open nr>eltden8i^eri.7lto1.73gnm8p«rcubie 
centimeter. 

(c) ROXisslightly soluble in molten TNT and 
tfie two oofnpounds form an eutoctic mbdure lliat 

freezes at 79.0*C and contains 95.84 percent TNT and 
4.16percent RDX. When heated. BOX undergoes some 
loflBning at a relativeiy low temperature bacausa of tlie 
melting of the wax p w a a n t and further melting at the 
eutectic temperature. As the temperature is increased, 
some of the RDX is dissolved and at 1 00°C there are in 
aquMbrf urn 42.8 parts of moHan aolution and S7.2 parta 
of solid RDX. The viscosity of composition B as cast is 
an important characteristic that is affected marltedty by 
Itie granulation of the RDX and the nature of the wax 
u aad . ttie wax causing an increase in the viscosity. 
Representative viscosity values for composition Bat 63* 
and 95^0 are 3.1 and 2.7 poises, respectively. 

(d) Composition Bis manufactured from TNT 
and water wet RDX The TNT is melted at approximately 

100"C in a steam jacketed melting kettle equipped with a 
Stirrer. The damp RDX is added siowty with stirring, and 
aller addWon of 1D» RDX isoompleled. moet of the water 
is poured off and heating and agitation are continued 
until ail moisture has been driven off. The wax is then 
added arxJ mixed thoroughly with the other ingredients 
by attning. The nature of the wax is important sinoaonly 
certain waxes mix svith the PDX and TNT and do not 
tend to segregate during coolirig. The thoroughly mixed 

gfcah ^mm mmttl m m B ih m mm tm nr. nl«. uplift ■! ■! il... .ii il «f»limil«m 

oompoaRNin a men la o o o w o wim oonpiweo agnanon 
unlR lha flukl^f fa aalialacloiy for caaling. The oompoai- 



tion B is either cast directly into bombs or solidified into 
chips approximately 4 8 square cerrtimelers by 6 cen- 
timeters. The chips are produced when the composition 
B la to be fliored or aNpped for use alaewfiera. 

(e) Impact sensitivity for solid composition B 
is between that of TNT and RDX. Cast composition B is 
more sensitive than the powdered material. As judged 
by the pendulum friction test, powdered oompoaMon B 

is no more sensitive than TfvTT, and at 10C°C tfie two 
explosives show no increase in sensitivity to friction. 
Like TNT, cast composition B can be drilled without 
undue hazard. The explosion temperature test value of 
composition B {270°] is only slightly greater than that of 
RDX, but the sensitivity of composition B to electrical 
aparlce Is more needy that of TNT than that of RDX. 

Composition B is intermediate between TNT and RDX in 
sensitivity to initiation. Cast composition B is somewhat 
1^ sensitive to initiation than the praased malarial. 
Table fr«7 lata the gi«) teat leeuHa for compoaWon B. 

(f) Composition B3 behaves reasonably well 
in the Susan test. Ignition occurs at the beginning of the 
pinch stage only after extensive splitting and deforma- 
tion of the noee cap. Tliellwaahold velocity is about 55 
meters per second. The reaction level as a function of 
projectile velocity is shown in figure 8-79. Even at 457 
matera per second the full polentlelofthereecHon tenot 

released. Ttiese results indicate composition B3 is dif- 
ficult to ignite by mechanical means ar>d has a low 
probability for violent reactions once ignited, provided 
oonflnement is light. Compositicm B3 has been 
ot>served to detonate in impact geometries where there 
was good inertial confinement at the time of ignition and 
where the Impact eubfeeted the charge to mechanical 
worfc 



Table 8-67 Gap Test Resutts for Composition B 





Oflmily 




Sansitivity in 
niMknflwi 


LANL small scale gap test: 








Composition B, grade A 


1.710 (cast) 


1.1 


0.41 - 0.66 


Composition B3 


1.721 (cast) 


1.8 


1.1 - 1.4 


76^25 


1.7S3 (caaO 


1.1 


0.25-0.41 


LANL large scale gap test: 








Composition B, grade A 


1.712 (cast) 


2.2 


44.58 


Compooilfoo 63 


1.727 (cast) 


1.4 


50.34 


79^CyeMnl 


1.757 (cast) 


0.6 


43.15 




1.734 (caet) 


2.2 


45.74 


PX gap test: 








Comiposition B 


1.714 (cast) 


2.2 


2 
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(244) (468) 
VSIOCITY AT IMPACT . I/VS 

Fiour9 9'79. Suun mt muKt tor compaaHtoH B3. 



(g) 75/25 Cyclotol has both good and bad 
propertlM, as nwaturwl by (heSusan toet. The reaction 

level as a function of projectile velocity is shown in figure 
8-60. The threshold velocity for a reaction is about 55 
malsfs per saeond. Tills value is typical of TNT bonded 
cast explosives and higher than most plastic bound 
explosives. On the other hand, reaction levels are mod- 
erately high at relatively low velocities and on occasion 
areoonsWaraUy Mghar. 75/25 Cyekrtol Is oon sM aiad 
relatively difficult to tgntle by mechanical means but 
capable of a large reaction once ignited. 




0) (244) (488) 

PnOJECTILE VELOCrrV AT IMPACT - WS 

FigufB 8-30. Susan test results for 7SI25 cyctofoi. 

fh) Grade A composition B with a density of 
1 .713 grams per cubic centimeter and 64 percent BOX 



by weight has a detonation velocity of 8.018 meters per 
aeoond and a dalonaiion pressure of 292.2 Mlobais. 
Cyclotol wWl 77 percent RDX by weight with a densMyof 
1 .743 grams per cubic centimeter lias a detonation 
pressure of 312.5 kilobars. 

(i) Storage of composition 6 at 75*C for one 
montti causae no decrease in stability. Storage at 65*C 

for over one year causes no ch anqe tn acidity, sensitivity 
to impact, or bnsance. However, tive months of such 
Storage causes Slight mudaiion. IfthecomposWefiBis 
made from TNT which has a freezing poin* of 80 7^*C, 
slight exudation occurs at a storage temperature of 
71'C. Composition B, therefore, is of a high order of 
diemical stability but should not be stored at too ele- 
vated a temperature t>ecause of physical instability at 
such temperatures. Composition B reacts slightly with 
rust at 1 0trC. At ordinary temperaluret dry oompoaHion 

B causes very slight correal on of copper and brass but 
does not affect aluminum, mild steel, stainless steel, 
nickel, cadmium, or zinc. In the presence of 0.5 percent 
molslure. composition B cauaea aoma cofrosion of 
cadmium and zinc also. 

(j) The RDX content of composition Bean be 
determined by extracting a weighed sample with ben- 
zene saturated with ftOX, drying the residue, and cal- 
culating the weight of this to oercentage of RDX. The 
desensitizer content is determined by extracting 
another weighed sample with acetone cooled to S*C, 
drying the residue, and cak;ulating the weight of this to 
percentage of desensitizer The percentage of TNT in 
the composition is obtained by subtracting from 100 the 
sum of the percentages of RDX. desensittzar. and 
moisture found prssant 

(k) Composition B2 is not a standard explo- 
sive. Differing from composition B only in the absence of 
wax. composHlon 82 has a greater density when cast 

and is slightly more brisant. The detonation velocity is 
also slightly higher. Composition B? is distinctly more 
sensitive than composition 6, as judged by large scale 
impact and rifle buMal impact teats, and la dightiy mom 

spnsitive to initiation. The two compositions are of the 
same stability and hygroscopicity. Greater impa^ sen- 



{ 



posHion 6 for use in bomlsa. 

(1) The DTA cun.'es for cornposrtion B and 
75/25 cyclotol are shown in figures 8-81 and 8-82. 
respectively. TheTGAcuiveforcomposilionBiaaliown 
in figure 8-83. 
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Figure 8-81. DTA curve lor composttion 0. 



Digitized by Google 



TM 9-1300>214 




Digitized by Google 



TM 9-130O-214 



FRACTION OF 
ORIGINAL SAMPLE 
AS PERCENT OF 




400 



500 



(4) CoiiipoflHion C. 

(a) During Wbrld War II, ttie BfWsh used a 

plastic demolition explosive that co uld be shaped by 
hand and had great shattering power. As standardized 
by the Unttod Stales, this exploaive was dssignalad as 
oomposHion C and contained 88.3 percent RDX and 

1 1 7 percent of a nonexplosive oily plasticizer. Included 
in the plasticizer was 0.6 percent lecithin, which helped 
lo pravem lha formalion Of larga crystals of RDX which 
would increase the sensitivity of the composition Com- 
position C was plastic from 0° to 40*C, but became bnttie 
and lass ssnsilivs bslowO^ and tandad to baooma 
gummy and exude oil at temperatures atwve ACfC. 
Composition C was replaced by composition C2 which 
contained 80 percent RDX and 20 percent explosive 
plastieizsr. This axploaivs plaalidzar waa oompoaad of 
mononitrotoluene, a liquid mix'ure of dinitratol'jones, 
TNT, nitrocellulose, and dimethylformamide. Compost- 
Don C2 ramainad plasOcftam -90*to 52*C, but became 
less plastic in hot storage t>ecause of evaporation of 
volatile matter. Composition C2 has been replaced by 
composition 03, which contains 77^2 percent RDX and 
23 ±2 percant axploalvia ptasBcizar. The plasllcizar 

contains mononitrotoluene, a liq'jid mixture of dini- 
trotoiuenes, TNT, tetryl, and nitrocellulose. It is a yei- 
lovtfiah. puttylikaaplidlhatliasadansltyof LWandts 
aohjbla in acalona. 

fb) In Ihe manufacture of composition 03, 
the mixed plasticizing agent is placed in a steam jac- 
keted, malttng kettle equipped with a stin«r and heated 
to nearly 100°0. Water wet ROX is added slowly, and 
heating and stirring are continued until a uniform mixture 
has been obtained and all the water has been dnven off. 
The fnixHira than is coolad while being agMated. 

(0) One grade of oompoaMon C3 is man- 
ufactured. This grado includes two classes that differ 
only in acidity. Both class A and B material is used for the 
manufacture of demolition Mocks, andciaas Bexpioslve 



100 200 300 
TEMPERATURE IN "C 
Figure 8 83. TGA curve tor composJtJon B. 

Is also used in the loading of ammunilion inafMch lower 
acidity is desirable. The requirements appNcaMe to 
composition 03 are as follows: 
Composition: 
RDX pius nitroceiiukiae, 78.0 ±2.0 percent 
Plasticizer minus nHrocellulose. 22.0±2^ percent. 
Moisture: 

Maximum, 0.25 percent. 
Acetone insoluble material: 
Maximum, 0 15 percent. 
Inorganic acetone insoluble material: 
Maximum, 0.05 percent. 



Grit 

Maximum particles per 50 gram sample 
Retained on No. 40 sieve, none. 
Retained on No. 60 aieve, 5. 

Plasticity: 

Minimum exter^ion in length at 25 lu 30 C, 90 



Acidib,'- 

Class A maximum, 0.064 percent 
ClasB B maximum. 0.05 pement 

(d) CemposHionCaisofttiesamesensitlvHy 

to impact as TNT and is not exploded in the pendulum 
friction test. The rifle bullet impact test produces partial 
explosions in 40 percent of the trials, which Indicates 
greater sens t v t>ian that of TNT but much less sen- 
sitivity than that of RDX The five second explosion 
temperature test value, 260^0, is only slightly greater 
than that of TNT. Composition C3 is less sensitive to 
initiation than TNT. requiring a minimum detonating 
charge of 0.08 gram of tetryl or 0.20 gram of lead azide 
in the sand test. Storage for four months at 65*0 in an 
atmosphere of 95 percent relative humidity does not 
impair the sensitivity to initiation In the booster sensitiv- 
ity test 50 percent detonations are produced by tOO 
grams of tetryl separated from pressed composition C3 

with a density of 1.62 grarr s per cubic centHnelerby 
acrawax B pellets 3.45 centimeters thick. 
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(e) Tr>e chemical stabilrty of composition C3 
is a eoep t a b le. tsut the physical slaMily Is not entirsly 
satisfactory The results of the 1 20°C heat test are: 3.20 
percent loss in the first 48 hours. 1 .63 percent in the 
second 48 hours, and no explosions in 1 00 hours. Com- 
posWon C3 is volaNtoto the extent of a 1.15 parceni 

weight loss wfien exposed to air at ?5°C tor five days, 
and hygroscopic to the extent of 2.4 percent when 



exposed to air with 90 percent relative humidity at 30°C. 
Tests have shown oompotfUon C3 to be of untmpsM 
brisance after immersion in water for 24 hours Storage 
at TTO causes considerable exudation In vacuum sta- 
bility tests at lOO^C and 120°C for 48 hours. 1.21 and 
lt->-ciit)i c oewiirne l ers Of gas aw evolved, wspectiveiy. 
ngure 8-84 shows the OTA curve foroompoeiHon C3. 
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(f) In an air blast the peak pressure is 105 
paiosnt of TNT and Itw impulse is 109 peiceni of TffT. 

fg) Composition C3 hardens a! 29''C and 
has undes^ral^ie volatility and hygoscopiaty charac- 
teristics, so composition C4 has been developed. The 

iC4ai«: 



Class I: 

aassJI: 
IV: 



6t percent RDX class A or B, type A or B 
30 peroent RDX class E. type A or B 

9 percen' poly robutylene 

92 percent BOX class H, type A or B 

9 percent polyisobutylene 
69.9±1 percent RDX 

10*1 percent poiyisobutytene 
0.2 :t0.02 percent dye composition 

which consists of: 
90 percent lead chromate 

10 percent lamp piacl( 



Composition C4 is a pufHike material of dMy wliite io 
light brown color. The theoretical maximum density of 



the mixture is 1.75 grams per cubic oanUmolar wWi a 
nominal density of 1 .72 grams per cubic oenttmslsf. The 

heat ot formation is - 32 9 to -33.3 calories per gram 
The maximum heat ot detonation with liquid water is 
1 .SO MkMsstoffos par Oram and wWi Qaseous walsr 1 .40 

kilocalories per gram. Composition CA remains plastic 
t>^ween-57°C and+77°C with no exudation in this 
temperature range This explosive is cons i dered a very 
satisfactory demolition explosive and has almost 
entirely replaced aii the other composition C explosives. 

(h) Composition 04 is manufactured l>y 
placing the water wet RDX in a stainless steel mixing 
ketUe and adding the plastic txnder. The mass is 
blended by tumbling the kettle until a horTX>geneous 
mixture is obtained. The resulting dough is then dried in 
irays by forced air at 50% 10 Kr& About 16 hours of 
drying are required to reduoa lha molstuss oontont to 

below 0.25 percent 

(i) The detonation characteristics ot the 
composinon w ex|Noe(ves are ssiao laDiv o*oo. 
The detonation pressure is 257lilobar8 for composition 
C4 with a density of 1.58 grams par cubic canliffleter. 



Table 6-68 Detonation Characteristics of Composition C Exp!osives 



TMt 




GhaiaelwfaliM w a 


pWMfMOS of TMT 




C 


C2 


C3 


C4 


Sand test 


108 


99 


112 


116 


Plate dent tp'^t 


112 




114-118 


115-130 


Fragmentation test 






113 




Detonation velocity 










in meters per second 


7.400 


7,800 


7.625 


8^ 


Trauzi test 


126 




117 




Ballistic mortar test 


125 


126-143 


126 


t30 



0) Impact tests indicale composition C4 Is 

less sensitive than composition C3 The rifle bullet test 
results, with only 20 percent of the vtals burning, also 
indicate less sensitivity. Compositksn C4 is unaffected in 
the pendulum friction test and has a five second explo- 
sion temperature of 263"C to 290*0. The minimum ini- 
tialing Charge required is 0.20 grams of lead azide or 
0.10 grame of lelryl. 

(k) Composition 04 is more stable tfum com- 
position C3. The results of lOO'C heat test are: 0.13 
percent loss in the first 48 hours, no loss in the second 
48 hours, and no explosions InlOO hours. The vacuum 
stability test at lOOX yields 0.20 cubic centimeters of 
gas in 40 hours. Composition 04 is essentially nonhyg* 
roscopic. 



\9t womposinon wno. 

(a) CH8 Is an enploslva mbdurs oontaining: 

97.50 ±0.50 percent RDX 
1.50 ±0.1 5 percent calcium stearate 
0.50 ±0.10 percent graphite 
0.50±0.10 paiosnl polylsobutylana 

The primary use of CH6 is in boosters and leads. When 
compared with tetryt, the material withstands higher 
temperature before cook off and has higher output yield, 
yatmalcbsalha asnsHlvRy of talryl. CH6 lapeNNized ata 
density of 1 .61 grams per cubic centimeter but the nor- 
mal kMuling density is approximately 1.55 grams per 
euUccanlmalMr. 

(b) mihe sand test. CHOerushes 61 .3 grams 

of sand which indicates a brisancp of 128 percent of 
TNT The velocity of detonation is 8,223 meters per 
second. 
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(6) Ednotol*. 

(a) EdiMrtolsaremixlure8ofheleito(6ttiylene 

djnitramine) and TNT. The most used haleiteTTNT por- 
tions are 60/40, 55/45. and 50/50. Ednatols are yel- 
fcMvMi. uniform Umdb wlti a men 
eutectic tempefaftura ia about 60°C. In an extrudation 
test at S5°C there was noex'rudate. Ednatols are consi- 
dered satisfactory for bursting charges in ammunition. 
All Of thafdowlno data in ttia dlaouaaion of tha propar- 
ties of ednatol refer to ttie 55/45 mixture. 55/45 Ednatol 
has an oxygen balance tocarbon dioxide of-51 percent 
and to carton ntonoxida of - 1 7 pereant. The danaHy of 
the cast explosive is 1 .62 grams per cubic centimeter, 
which is four percent greater than that of cast TNT or 
haleite pressed under 206,850 kilopascals (30,000 
pounds per square inch). 

(b) Ednatol iamanuiactured by heating TNT 
!n about 105° in a steam jacketed melting kettle 
equipped with a stirrer. Wet haleite is added slowly with 
agitation to the molten TNT. After the haleite has been 

added, heating and stirring are continued until all the 
moisture has been driven off. The mixture is then cooled 
to at>out SSX while being agitated, and loaded by pour- 
ing. Um TNT, ednatol undergoes some contraction in 
volume upon solidification. 

(c) The sensitivity ednatol. 95 centimeters 
with a two kilogram weight, is between the sensitivity of 
haleite and TNT. Ednatol is unaffected by either the 
stee! or fiber shoe in the pendulum friction test The rifle 
bullet impact test produces ignitions in seven percent of 
the trials with no detonations. The explosion tempera- 
ture test value, ISCC, is the same as for haleite. TWs 
value is lower than the values for all of the other 
noninitiating high explosives. As might be expected, 
ednatol ia more sensitive than TNT but less sensitive 
than haleite to initiation The minimum detonating 
charge of mercury fulminate is 0.22 grams to 0.23 
grams. In the booster sensitivity test u^g a 1 00 gram 
tetryl pellet, the 50 percent detonation point with acrth 
wax B was 325 centimeters (1.28 inches). 

(d) The sand test indicates ednatol is 1 12 
percent as brisant as TNT. The plate dent test also 

indicates a brisance of 1 12 percent ol TNT. The frag- 
mentation test indicates a brisance of 118 percent of 
TNT, with fragment velocities ol 832 kibmeters per sec- 
ond at 2.74 maters and 741 idlomelefs per second ai 
7.77 meters. The vekxjity of detonation for a one inch 
diameter, unoonfined. cast charge is 7.340 meters per 
second, 106 percent of TNT. As measured by the Italia- 
tic pendulum test and the Trauzl test, ednatol is 119 
percent and 120 percent as powerful as TNT. 



(e) In the 1 0O^C heat test, a k>ss of 0.2 per- 
cent is reported in the first 48 hours and 0.1 percent in 

the second-18 hourswithnoexptosions in 100 hours In 
tt>e vacuum stability test at 100°C one cubk: centimeter 
of gas is evolved and at 120*C more than 11 culilc 
centimeters of gas are evolved. Dry ednatol has no 
effect on brass, alunrnuTi, steels, cadmium, and nickel 
but causes very slight corrosion of copper, magnesium, 
and aluminumnnagnesium alloys. Wet ednatol has no 
cffoc* on s'ainlcs-s stcol hut causes slight corrosion of 
aluiTunum and considerable corrosion of copper, brass, 
magnesium, magnesium-aluminum aloya, and mild 
steels. Ednatols are essenlialy nonhygroscopie when 
exposed to humrd air. 

(f) In an air blast the peak pressure is 108 
percent of TNT, the impulse is 1 1 0 percent of TNT, and 
the energy is 106 percent of TNT. in an underwater 
blast, the energy is 1 13 percent of TNT. The shaped 
charge effectiveness is about 120 percent of TNT. 

(g) The composition of ednatols can be 
determined by extracting a weigtwd aampie wUh cold 

ether saturated with haleite and drying and weighing the 
residue. The weight of residue and loss in weight are 
calculated to percent of haleite and TNT. reapediveiy. 

(7) LX-14. 

(a) LX-14 is an expk>sive whi ii consists of 
95 5percenf HMXand4.5percentestane5702 Fi The 
mixture is a white solid with violet spots. iX- 1 4 has a 
theoretical maximum density of 1 .849 grams per eubie 
centimeter, a nominal density of 1 .83 grams per cubic 
centimeter, and a melting point of greater ti>an 270*0, 
with decomposition. The heat of formation is 1.50 
kik)calories per mole. The osculated heats of detona- 
tion are 1 .58 kilocalories per gram with liquid water and 
1.43 kilocalones per gram with gaseous water. At a 
density of 1 .836 grama per cubic oentimeier the detona- 
tion velocity ia 8,830 meters per second. 

(b) Asshownin figure 8-8S, LX'14 is moder- 
ately easyfo igniie inthe Susan test, requiring an impact 
vek>city of apout 48 meters per second. Nosecap de- 
fomwHon isgeneraly greaterthan 25 mllllmelafB before 

ignition is observed Reaction levels are large and 
somewhat erratic once the threshold vekx% is ex- 
ceeded. This data Indicates that accidental, mechanical 
ignition of ^X•^4 haa a nwdarately low probability of 
buitding into a violent reaction or detonation where there 
is little or no confinement. Figure 8-88 shows the OTA 
curve for IJ(-14. 
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(8) Octols 

(a) Octots are mixtures of HMX and TNT. 
The properties of llw twio most oommonly UMd ae^ 
are summoriZMl in taUo a>69. 



ToMe 8-09. Properties of Octols 









Percent HMX 


75 ±2.0 


70 ±2.0 


Percent TNT 


25±2.0 


30±2.0 


Density in grams per cub«c centimeter: 






TheorelhssI nraMimni 


1.632-1.843 


1.819-1.822 


Open melt cast 


1 800 


1.790 


Vacuum melt cast 


1.80M.825 


1.805-1.810 


Calculated heat of dolonallofi In ctforieo 






per gram: 






With liquid water 


1.570 


- 


With gaseous water 


1.430 


- 


new Of OOfTKMIHNNI in CONMIM pOT QraUn 


2.678 


2.722 


Heat of fusion in 






kilocaiorfes per mole 


2.57 


• 


Specific heat in calories per gram per 






degree centigratdo {nW3^ HMX/TNT): 






at-79»c 


0.200 


m 


-Bcrc < t <8<rc 


0.240 




33'C<t<74«C 


0.245 


- 


90*C< t<150'C 


0423 


- 


Temperature of soiid siuny 






ptWBo dwngo *C 


79 


79 


latent he«t or oolid to 






sliiny phase Changs in caiorfas 


5.87 


7.05 


per gram 






Vapor pressure at 100^ In ton- 


0.1 


* 


Impact ssnaWvily (PicaHnny Aiaanal Apparaliia): 






inches 


17 


18 


Sample weight in milligrams 


25 


26 


incltss 


15 


19 


Sample weight in mWlorafflS 


19 


20 


Friction pendulum: 






Steel shoe 


Unaffe^ed 


Unattected 


Fiber shos 


Unaffedad 


UnaflaclBd 


Autoignition temperature. 'C 


100 


108 


Explosion temperature, X: 


288 


289 


Seconds 0 .1 (no cap used) 


* 


m 


Seconds 1 




m 


Seconds 5 (flames erratically) 


350 


335 


Sensitivity to initiation: 


0.3 


0.3 


(minimum detonating chaige Ised 






aiids in giants) 







I 
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Table 8-69. Properties ot Octols (Cont) 





Typel 


TypvM 


Sensitivity to setback praSBUre in 






kilopascaks at 7rC 






PwiKatiiithj of raadiaii' 








655 025 


551,600 




620 505 


820.505 


QD Q AMBMlt 


1,027,355 


1,213.520 




S24020 


834.340 

W isv vIp 


Dit frannnAntaitirwii /l^^inm lull nr/\i^^4iio^ 

r II iicigiTi9niaiiun \ luwmiii ivii nc ^ru|9wUf9| 


niurnDOl oi TraQirionis 


I^IUUIUof Wl riayiirOlllS 




1 All 




^1 all lo 


777 




5-10 grains 


535 


497 


10-25 grains 


719 


661 


9C.SO tumnm 


Attn 


471 


^/*« c/ yiaiiia 




947 


7S-1fiO nrairK 

# «^ 1 wV Wl Qll 19 


339 

www 




i90>'Sii grainB 








a 
O 


19 


UMonanon rere (no coniinsnneni-casi) 






HI mnofs por sGcona 






unarge aensiiy tn yiams p«r ouoic 


1 B1 

I.01 


l.oO 








ChttHM iHmniniiifinii In MintimailMK' 






1 ^7 X 1 97 y 1 94 


0,0H0 








ft 






ft 






ft 4in 


Vacuum stability (milliliters of gas per 






five grams of sample per 40 hours) 




A 17 ATM* 


of lev W 




at tSO^C 


1 13 

i - 1 w 


n Q7 




9 AA 


1 

1 .OU 




i 1 


S 10 

w. lU 


CU IW w 




1 1 


Air hlafif 

/lit UtOfiM 




















9^ R 

bWO.O 


9fi1 1 

£v 1 .w 


Impulse, kilopaseal miffisseoncta 


1248 


146.2 


Oistanos from charge, 457 2 canlimetora 






Overpressure kilopascals 


90.3 


100.6 


Impulse, kilopaseal miUtseconds 


86.2 


106.9 


Distance from chaige, 609.6 cenlimatofs 






Overpressure kilopascals 


4B.9 


46.2 


Impulse, Kilopaseal millisecomis 


62.7 


77.2 
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(b) Octol is used as an oil well (onnation 
agent and in fr a gmentaHon and atiapad chaigea. In 

fragmentation tests using a 1 05 millimaler Ml ahel, 15 
percent more fragments are produced and tf>e average 
velocity of tfie fragments is i QQ meters per second 
faster than with a almilar alwn toadid wfflh oompoaHton 

B. This improvement is atlributed to both the higher rate 
o( detonation of octol and the greater density of odd 
Which parniNs a graatar weight of explosiva in ihe same 
volume. Table 8-70 compares ttie performance of TNT, 
composition B and octol in producing craters in a 105 
millimeter sliaped charge shell. 

Table 8-70. Crater Volume in Mild Steel Targets 



Oeplhof 

penetration 
in canUrnvters 



Volume in 
cuWc centimeters 





TNT 


Compo- 
sition Q 


OcrtO 


4 


23.8 


33.1 


37.0 


8 


36.2 


49.7 


57.4 


12 


43.2 


61 4 


689 


16 


49.1 


69.2 


78.7 


20 


53.0 


78.1 


85.0 


24 


56 2 


79,4 


89.9 


28 


56.6 


83.0 


94.0 


32 


61J 


86.2 


96.1 


96 


64^ 


89,3 


101.8 


40 




92.3 


105.3 


44 




w 


110.4 



(d) As shown in figure 8-87. 75/25 octoi has 
botti good and bad properliee. Thethrsshoid velocity for 
reaction is about 55 meters per second which is typical 
of TNT tx)nded cast explosives. On the other hand 
reaction levels become moderately high at relatively low 
velocily. The variability of resuita is less than that 

observer! with 75,'25 oyclotol This data indicates 75/25 
octol is rather difficult to ignite accidentially by mechani- 
cal means Isut capable of a laige reaction once ignited 
under some conditions. 

(e) In the manufacture of octols. TNT is 
melled In a steam jadfeled kettle equipped with an 

agitator. Tt>e temperature of the TNT is maintained at 
about 100*0 and water wet HMX is added slowiy. Stir- 
ring is continued until tt«e water is driven off. The i<ettle 
temperature is then reduced until a viscosity suitable for 
casting is obtained. The viscosity of the slurry has a 
strong dependence on the particle size distribution and 
poiym o rpNc variety of i4MX used. In order for the shmy 

to h^vp an et^Iux t^me of less than 1 5 seconds the solid 
i-lMX must consist ol the beta polymorph having particie 
diameters in the range of 500 to 800 microns. Even 
when octol is caai at a temperature of less than 90°C. 
there is a la'-ge amount of settling of HMX crystals while 
the charge is still molten. This can lead to erratic perfor- 
mance of the ammunition loadsd. Several methods to 

prevent 'he settling are being considered Casting 
temperature is kept as low as possible to prevent air 
entrapn>ent in the cast. Figure 8-88 shows the DTA 
curve for 75/25 odol. 



fc) The gap test results fiDr7SV2Soclolai« 

given in table 8-71. 



Table 8-71. Gap Test (or 75125 Octol 







Paiotni 
vokte 


Ssniilfvfly In 

minimemv 


NSWC small scale gap test 


1.629 


0 


4.88 




1.541 


15.8 


10.90 


LANL small scale gap test 


1.810 


1.1 


0.56 • 0.71 


LANL larqe scale gap test 








regular HMX 


1.622 (cast) 


0.7 


49.45 


large oryslal HIMX 


1.815 (cast) 


1.4 


47.32 


vacuum cast 


1.795 


20 


43 56 
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III 
III 


100 


Vf 








Ui 


so 


e 
>> 


AO 


d 












2 


40 


III 


f 


ao 






UJ 
C 


0 



(0) 



1 



(244) 

PROJECTILE VELOCITY AT IMPACT - WS 
%i/re 8-87 Susan (Mf fMuAs /tor 75/25 octo/. 

(9} Pentolite. 

(a) Pento4ites are castable exf>ios4ve mix- 
ima cow t i i flim PEIN snd TMT« Tha moat oommofily 

used blend consists of 50/50 PETM'TNT Other blenda 
such as 75/25, 40/60, 3Q/70, and 10/90 have been 
occaaslonalty employed but the 50/50 bland iasufieflor 
in the characteristics of sensitivity to i nitiation, brisance , 
and suitability for melt loading. 87 percent TNT and 13 
percent PETN torm a eutectic with a freezing point of 
78.7V. CM SW80 paMolto. theraforo. oonaMoof 42.2 
percent PETN and 57 8 percent of the eutectic mixture. 
50/50 Pentolite has an oxygen balance to CO2 of -42 
ponowt, siNWiof comburton of 1.549 kilocQlorios por 
gram, and a heat of formation of -23.4 to -24.3 
kilocalories per gram The heat of detonation with liquid 
water has been experimentally determined as 1 .23 
kHocalorfaa per gram and the maximum ealeulaliad 
value is 1 .53 kilocalories per gram. The heat of detonap 
lion with gaseous water has been expehmentalty 
determined as 1 .18 Idiocalortes per gram and tlie 
maximum calculated value is 1 .40 kilocalories per gram. 
The cast density of pentolitesdoes not vary appreciably 
with blend composition. 50/50 Pentolite has a cast den- 
sity of 1.63 to 1.67 orama per cubic centimeter wMIe 
10/90 pentolite has a cast density of 1 60 grams per 
cubic centimeter. The density of pressed pentolite ia 
between 1.80 and 1.85 grams per cubic centimeter. 
Since pentolites are blends they are soluble in the same 
solvents as their constituent Ingredients. 

(b) Pentolite is manufactured t>y either of two 
methods. In the more modem, slurry method, the PETN 
is suspended by agitation in water heeted tfiove 80^. 
TNT is then added The temperature of the water 
causes the TNT to melt and coat the particles of PETN. 
The slurry is thert cooled with rapid agitation, causing 
the TNT to solidify. The granules then are separated on 
a filter or in a centrifugal wringer and dried at a temper- 
ature bebw 75°C. In the coprecipitation method, the 
PETN andTNTaredtosolved separately in aoelone. the 



<4») 



aoMkins are mixed and IHterad, and the two mplosives 

are precipitated simultaneously by pouring the sotution 

into water with vigorous agitation The precipitated solid 
IS then separated and dried. The slurry method permits 
baMsr pardele sise oonlrol than the coprsdpilallon 

method Acetone is used in the slurry method for 
obtaining PETN of the desired particle size, but less 
acetone is used than in the coprecipitation method. The 
slurry method also takes less time per production cycle. 
Casting is usually accomplished at atx)ut 90°C Con- 
stant stirnng is required to keep the PETN suspended as 
only about 20 percent of the PETN dissolves at that 
temperature Small elongated crystals are desirable for 
this operation to minimize settling of the PETN and 
prevent the production of nonunifbmi ohaiges. At 90*C 
to 94''C PETN crystals retain their original shape 
characteristics since very little solution occurs These 
crystals are enclosed by crystalline Tl^. Added wax 
causes no obvious change in microslruclurs. 

(c) Two grades of pentolite are used for mili- 
tary purposes. These differ only in that grade II material 
complies with a bulk density requirement. Grade I is 
used for melt leadtotg, tmhlle grade U is ussd In the 

manufacture of pellets andthsprsss loading ofammun" 

ition. Tlie requirements are: 

Volatile matter Maximum, 0.5 percent 

Composition PETN. SO ±2 percent 

TNT, 50 + 2 percent 

Total acetone insoluble Maximum, 0.04 percent 

Inorganic acetone insoluble Maximum, 0.02 percent 

Grit None 

Acktny or alkalini^/ Maximum. 0.005 psrosnt 

PETN granulation applicable 

to pentoIHe manufactured by 

the coprecipitalion method 
Through sieve number 30 200 
Percent, minimum 95 0 

Percent, maximum 30 

100*C vacuum stability test Maximum 5 muyiiecs 

of gas 

Bulli densily Qrade 1 1 . 0.70^.10 

gram per miUiilBr 

(d) The Picatinny Arsenal mparr apparatus 
end the Bureau of Mines apparatus yield conflicting 
resuIlK 12 Inchee and 34 centimetafS, respectively .The 
rifle bullet impact test confirms the more sensitive test 
result. The five second explosion temperature test result 
is essentially that of PETN. In the pendulum friction test 
pentolite is unaffected. Tite minimum detonating 
charges of lead azide and mercury fulminate required 
for pentolite are intermediate between those foe PETN 
andTNT and are very close to that of leiiyl. The gap lest 
rssulto aie given in tatile 8*72. 
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TEMPERATURE '*C 
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Omiliy 


Pwotnl 
voMi 




N6WC snral scale gap iMt 


1.671 


2.3 


10.03 




1,363 


30.3 


12.45 


LANL small scale gap tMt 


1.700 (cast) 


0.6 


0.76^.97 


im(hot 


2.0 


3.12 




praasad) 

0.75 


56.1 


4.80 


LANL large scale gap test 


1.702 


0.8 


64.74 




1.63S 


4A 


68.66 



The presence of rust or grit increases the sensitivity of 
panlolite. A mixture equal weights of pentolite and dry 
riNt has an impact last value of 21 cantlmaters oom- 
pared wrth 32 canlliviaiacsfbrtha pantoHlauaadto maha 
the mbcture. 

(e) Sand test shows 50/50 pento4ite to be as 
Mmm aa lalryl and 114 pareent as brfsant as TNT. 

Fragmentation tests of shell charges, however, show 
pentolite to be 13 percent as brisant as TNT and plate 
dent tests indicate the ratio to oe 126 percent. The 
sppntKlmale velocity of detonation as a funcHon of 
paoMng density Is giwsn tiy the equation: 

O=5480+3100(p-l) 

where O i? in meters per second and p , the density, is in 
grams per cubic centinf>eter. This ideal velocity of deto- 
nation is appficable to c h a iipo s wHh a dian>eter of one 
Inch. The variation in detonation velodfySSafunctionof 
temperature is given by the equatkm: 

D-D9 -(-0.4x10-»)(T-rp) 

where T is in degrees centigrade and O is in millimeters 
per micfosecond. Do is the initial detonation velocity at 

tenperature Tr, and D \s the detonation velocity at 
temperature 7^. Trie Chapman- Jouquet detonation 
pressu re Is 232 to 255 Itilotmrs. In deflagration to deto- 
nation transfer studies with pentolite that is heavily con- 
fined and ignited by a hotwire, a fow velocity detonation 
regime precedes steady state detonation for 30 to 80 
microeeconds. Compiesslon wavee precede the txim- 
ing front in this predefonation region and appear to 
coalesce into a shock front. The Trauzl test indicates 
5(VS0 pentoUe is 122pefcentas powfarfui as TNTwhHe 
the ballistic mortar last indicates apower of 126 percent 
of TNT. 

(f) Vacuum stability tests indicate 50/50 
psmoNle Is slightly lessstaMethanPETNaNhoughslor- 
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age for two years at 65 C produces no excessive addity 
or great deterioration ot stability. 50/50 Pentolite with- 
stsnds 10 remeltino operations at approximately 9B*C 
without becoming unduly instable or unduly acid but 
8ut>8equent storage at 65*C for six months renders the 
aample unduly acid. Slow decomposition starts at 1 10*C 
and is followed by the main pyrolysis reactions which 
generate NO? rapidly The rate of the pyrofysis of the 
mixture is taster than that of either TNT or PETN. While 
aierafla at 6S^ has onlyaimit e d effe ct on thechewicai 
stability of pentolite. some exudation occurs for storage 
temperatures aixive 50°C. This may be due to the for- 
mation of e eutectic mtxturs of TNT and impuiWes in 
PETN. One of the Impurities present in PETN is dipen- 
taerythrltoi hexanltrate, which melts at 73.6°C and forms 
a eutectic mixture with TNT that freezes at only 57.9*0. 

(g) Because of the somewhat lower stability 
and Qfealareenaltivity of PETN as compared with RDX, 
the corresponding relationship of pentolite to composi- 
tion B, and the tendency of pentolite to und^o some 
exudation above StTC, penlaiile haa gmsialy been 
repfaced by composition B. Figure 8-80 shows the OTA 
curve for pentolite. 

(h) The composition of pentolite is deter- 
mined by extracting a weighed sample with chloroform 
saluraied with PETN. drying the residue, end we ighing. 

The weight of the residue and the loss in weight are 
calculated to percentage of PETN and TNT, respec- 
tively. 

(I) Undensalsr Mast tor psnloltowMh a den- 
sity of 1.6 grams per cubic oentimeler are given by the 

equations: 

Peak pressijre-2.26xl0<(Wi'^i > psi 

imptiiee-2.i8W<'«(WiW P«iM 
Ensigy»3.27xl0)W<'a(Wi'^R)»f' inch IWinch* 



( 




TEMPERATURE - 'C 

flguf»^ DTAcurvforp^ntolitB. 
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where w is the charge weight in pounds and R is the 
i dUance in feel from (he center of a sphailcal diaige. 
' The ratio of underwater shock energy of penlollle 10 llie 

tola) chemical energy is 0.57 to 0.59. 

(10) Picratd. 

(a) Picratol is a mixture of 52 percent ammo- 
nium picfele and 48 percent TNT. Molten TNT haa iNlle 

or r»o solvent action on ammonium picrate, and can 
sequentiy, cast picratol consists easentiaily of aphysical 
mlKluia of cfyalals of the twro exploeivea. The density of 
cast picratol is 1 .61 to 1 .63. This permits a weight of 
charge almost equal to that of ammonium picrate 
pressed under 68,950 to 82,740 kiiopascais ( 1 0,000 to 
12,000 pounde per equare inch). The eolubiily and 
reactiv ^/ chnractertsticsofpicnMol are oesenlially that 

0* Ih© two ingredients. 

(b) Picratol is manutactured by heating TNT 
to above 90^ in a steam jacketed melting Iwttie 
equipped with a stirrer The ammo n i u m picrate is added 
atowiy. without preheating, with continuous agitation 
and this is continued for a ahort time after all the ammo- 
nium picrate has been added. The thick slurry is aiewed 
to cool to about 85°C before being loaded into ammuni- 
tion components. Like molten TNT, picratol undergoes 
marked contradkin ki volume upon aoNdMcsfton. The 
contraction is much less than in the case of TNT. 

(c) The standard small scale impact tests 
indicate picratol to be as sensitive to impact as TNT, 
rather than ammonium picrate and large scale Impact 

'osts ot cast ctiarcies confi''m this Pcndulurri friction 
tests show no difference between picratol, TNT, and 
ammonium picrate with respect to sensitivity to friction. 
When subjected to the rifle bullet impact test, picraloi 
burns in about 40 percent of tbe trials but undergoes no 
detonation. Ammonium picrate burns in about 30 per- 
cent of the trials. The eKpkieive temperature test value 
of picratol, 285''C les s th a n ih at of a m mo ni jm pk:rate, 
318'C. and much less than that of TNT, 475°C. Picratol 
is as insensitive to initiation as ammonium picrate, hav- 
ing a minimum detonating charge value of 0.06 gram of 
tetryl. The overall sensitivity of pk^ratol, ttierafore, ia not 
greater than that of TNT. 

(d) 52/48 picratol is only 94 percent as bri- 
aant ea TNT, as lodged by the eand teet, but the plate 

dent test indicates the two to be equally brisant , and the 
fragmentation of sheil charges show picratol to t>e 102 
percent as brisant as TNT. The rata of deto na tton of cast 
picratol is 101 percent that of cast TNT. Picratol and 
TNT are of equal power as measured by the ballistic 
pendulum test, and have equal blast effects. 



(e) The stability (rf picratol is very slightly less 
then that of eWier INT or ammonium pkMle as mee> 

sured by vacuum stability tests at 100", 120°. ar.d 150'C. 
These test results may indicate slight reactk}n between 
the aimnankim picrate and the molten TNT Ingredients 
at the elevated temperatures of the tests. At ordinary 

temperatures, there is no evidence of such reaction and 
picratol appears to be of the same high order ot stability 
as Ms tngredienta. 

(f) The composition of picratol can be deter- 
mined by extractinq a weighed sample with cold ether 
that has been saturated with ammonium pirate. The 
raakkie ie dried and weighed and this and the lose in 
weight are calculated to percentage cf ammonkan pic- 
rate and TNT, respectively. 

(11) Tetrytola. 

(a) Telrytols are light yeikiw to buff mMures 

of TNT and tetryl. As is the case for tetryl. tetrytols are no 
longer used by the United States but are still being used 
by other nations iricluding various NATO allies. Tetrytols 
resemble tetryl more ctoaely than they resemble TNT. 
They are more powerful but loss sensitive than TNT 
Tetrytols can be cast into munitions, which is an advan- 
tage over press loading. Table 8-73 oompaiea the 
physical characteristics of various tetrytol compositions 
The pressed density listed is for material that passed 
through a number 100 US siandard sieve and was sub- 
)soled 10 a pressure of 20,685 kilopaacaia ^,000 

pounds per square inch) 70/30 Tetn/lol is the most 
commonly used form and has a voidless density of 1 .7 1 
grams per cubic cenHmeler. All of the tetrytols are aub- 
iect to exudation above 65*0. TNT and tetryl form a 
eiitectfc mixture that has a freezing point of 67 5°C. The 
soiubiiity charactenstics and diemicai reactivity of the 
MrylQis are essenlUily those Of the hidhMual kigra- 
dlania. 

(b) Tetrytol is manufactured by heating TNT 
in a malting kettle equipped with an agitator until all the 
TNT is mailed and the temperahae of the iquM slightly 
exceeds 100°C. The proper amount of tetryl is then 
added with continued stirrmq Part of the tetr\'l dissolves 
in the TNT. The temperature is ttien allowed to decrease 
unW the mixture has thickened somswhat and la con- 
sidered to be of the maximum viscosity suitable for 
pouring in the meit loading operation. The tetrytol is tt>en 
poured Into the ammunition component or a mold. As 
cast, tetrytol is a mixture of tetryl and the TNT-tetryl 
eutectic The eutecUc contains approxknataly 55 per- 
cent letryi. 



uiyitized by Google 



TM •-1900414 



Table 8-73. Geneva/ Characteristics of Tetrytols 





Cm! diAiily 


PrMMd densHy 














In ofMis 






Melttna 

■VYVVIPI Hp 




oompocition 


p«r cubic 


per cubic 


Molecular 




point 


Former United 








w(i0M 


toOOk 


*C 




80/20 Tetrytol 


1.51 




274 


-52 


68 


not usod 


7S/26T«tiylol 


1.50 


1.34 


270 


-64 


68 


burellfiQ cfiflfigo. 
demolition explosiv* 


TWao Tetrytol 


1.60 


1.36 


266 


.55 


66 


bursting charge, 
burster charge in 
chemical shells 




i.eo 


1.36 


264 


-56 


66 


burster charge In 
larxj mines 



(c) There is no difference in the impact sen- 
sitivity of 65/35. 70/30. or 75/25 tetiytoi. Ail are less 
•wwllive than tetiyl and more sensitive than TNT. All 
Mryloto ar» unaffected by the steel and flbw ^oes in 
6ie pendulum friction test The rifle bullet impact test, in 
fitwh a 30 caliber bullet ts fired into the open end of a 
pl{p0 conllnsd chsiQ9i yMds the foMoiivIng rattuNoi 

Panialy 



80/20 Tetrytol 

75/25 Tetrytol 
70/30 Tetrytol 
6»9ST0trylo( 



80 
70 
46 
90 



20 
30 
65 
ID 



In a wax gap test 75/25 tetrytol is somewhat mote sensi- 
live than compoe W o n B, but appreciably Iom MfwHIve 
than pentolite. The following sinms the minimum prim' 
ing charge required for the tetrytols. 



Oram 



Qrams 
mercury 



60/20 Tetrytol 
76/25 Tetrytol 

70/30 Tetrytol 
65/35 Telrytol 



0.17 
0.19 

0.22 
0.23 



0.22 
0.23 
0.23 
0.23 



For a priming dMunge of diezodMlniptMnoi (DDNP) Itw 

minimum charge required is 0 19 grams for pressed 
75/25 tetrytol at a density of 1 .4 grams per cubic cen- 
tinwtor and 0J1 grams for casl75fiS tetrytol. 

(d) intlwplaiedenlle9ttt)elMfsaneecil7S/2S 

tetrytol at densities of 1.66 grams por cubic centimeter 
and 1 .62 grams per cubic centimeter is 1 1 8 percent and 



114 percent of TNT respectivefy. 70/30 Tetrytol at 1 60 
grams per cubic centimeter fias a brisar>ce of 11 7 per- 
cent of TNT. The sand test indicates 70^ tetrytol is 
97.5 psiesnt and 1 1 1 percent as brisant as tetryl and 
TNT, respectively. The following detonation velocities 
were measured in one incti diameter charges witfKHit 
conflnement. For cast 7S/25 ielrylol wittt adensHy range 
of 1 ,55 to 1 ,60 grams per cubic centimeter and an aver- 
age of 1 .57 grams per cut)ic centimeter, the measured 
detonation velodtiss ranged ftam 7,29010 7,410 meters 
parsaoond with an average of 7.350 malarsper second . 
For cast 65/35 tetrytol with a density range of 1 .56 to 
1 .6 1 grams per cubic centimeter and an average of 1 . 58 
giams per culilc oentimotor, the measured detonation 
velocities ranged from 7,310 meters per second to 
7.370 meters per second with an average of 7,340 
maters per second. The I»ali8tic mortar test indicates 
7S/25 and 70/30 tetrytols are 122 psiosnl and 120 par> 
cant of TNT, respectively 

(e) 70/30 Tetrytol is slightly less stat^ie than 
tetryl at 100*0 and higher temperatures, as shown t>y 
vacuum stabMHy lasts, hlowever. at BSTC and lowar 

temperatures, samples have been stored for two years 
with no change in stability, acid content, sensitivity, or 
brisanos. Although tetryl undergoes partial decomposi- 
tion on melting, the melting of teir\ toi does riot have the 
same effect. Tetrytol that has been melted and solidified 
12 tinr>e8 shows no change in freezing point, sensitivity 
to impact, or 100*C vacuum stability test value alttKMigh 

tlie temperature was each time raised to 107*C and 
maintained at that value for half an hour prior to solidifi- 
cation by eooNng. Storage at 6S^C causes some sep- 
aration of an oily extrudate and distortion of blocks of 
tetrytol, so the maximum storage temperature is less 
than 65'C. This low storage temperature has caused the 
United States to dlscontimia the use of tauytoL Tetrytol 
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is incompatible with 3M adhesives EC870B and 
EC1099. Dry telrytol is compatible wfth eepfmr, biaaa. 

aluninum magnesium, stainfess steel, mild steel 
coated with acid proof paint, and mild steel plated witti 
copper, cadmium, zinc or nickel. Magnesium-aluminum 
atoyt are slightly affected by dry tetrytol. Wet tetrytd is 
cornnattbie with sta rless Steel and mild steel coated 
«vith acid proot black paint. Copper, brass, aluminum, 
magnesium, magnesium-aluminum aNoy. mild sleel, 
and mifd steel plated with cadmium, coppw, zinc, or 
nictol are slightly affected by wet fetn/to' 

(0 The shaped charge eftdcdveness of 70/30 
Isbylol al s densily of 1 .64 grams per cubic osntimsler. 

as gauged In a constant volume test. Is appreciably 
tower than composition B cyclotol and composition A, 
when all are at roughly equivalent packing densities. 
W40 TeHylol is as emdsnt a slwpsd chavge Wsr as 
50/50 pentoftte and somewhat bptipr than TNT. Both 
75/25 and 65/35 tetrytols are approximately 1 .2 to 1^5 
llmas mors sflsdivs shaped charge filiors than TNT. 

(g) Dsiermination of the composition of a 

sample of tetrytol can be made by treating a weighed 
sample with sufficient boiling cart>on tetrachloride to 
dissotve the TNT present, cooling to 0*0, evaporating a 
weighed portion of the solution to dryness, and correct* 
ing for the amount of teHyl dissolved by the cartion 
tetrachloride at 0°C. 

(12) Tritonal. 

(a) TfHonai is a siivery solid that contains: 

TNT 80 percent 
Flailed aluminum 20 percent 

Metallic aluminum is insoluble in TNT so tritonal boqins 
to melt at the melting point of TNT. Tritonal has a heat oi 
combustion of 4.31 5 calories per gram per degree cen- 
tigrade at constant pressure and a thermal conductivity 
of 0 0011 calones per gram per degree centigrade at 
0 C. These values are 120 percent and ZOO percent of 
thoae for TNT. At 20*C the caleuiaied spedflc heat is 

0.305 calorie per g'-am per degree centigrade Like TNT, 
tritonal undergoes considerable expansion on melting 
and contraction on freezing. The solubility characteris- 
tics of tritonal are essentialy those of TNT Tritonal is 
used as a filler in bombs and shells. The density of ttie 
cast material is 1.73 grams per cubic centimeter. 

(b) The chemical reactivity oftrltonal is that of 

TNT and aluminum. In addition in the pressnoe of 
moisture, the TNT and aluminum undergo slight reac- 
tion with the evolution of gas. This is not of practical 
Importance because of the very sight hygroscoplcity of 
TNT and the fact that any moisture present is driven off 
by heat during the manufacture of tritonal. 



(c) 80/20 Tritonal is manufactured from TNT 
and grained aluminum. The TNT and aluminum ars run 
^owly through separate chutes into a steam treated 
melting kettle equipped with a stirrer which is kept in 
motion while the ingredients are being added. Heating 
and mixing areoontinued until aNtfie TNT is meHsd. the 
temperature is greater than 81'C. and the fluidity of the 
mixture is considered satisfa^ry. The tritonal is then 
loaded by pouting into bon^, using at least the samei 
precautions and ischniques used in the malt loading of 
TNT. 

(d) Although the pendulum friction test 
Shows no measurable difference m sensitivity between 
tritonal and TNT. impact tests indicate tritonal to be 
somewhat more sensitive to impact that TNT and less 
so than tetryl. The rifle butiet Impact test value for tritonal 
is more similar to that of tetryl than that of TNT. The 
explosion temperature test value of tritonal. 470''C. is 
almost identical with that of TNT. Liquid tritonal at 90*0 
IS slightly more sensitive than the solid, as judged by rifle 
buHst impact tests. As indlcatsd by the sand test, the 
minirrum dptonating charge of lead azide, 0.30 gram, is 
slightly greater than that required for TNT. Nonstandard 
Mllaiion sensitivity tests with diazodinitrophenol as the 
Mtialor show tritonal and TNT to be of essentially the 
same sensitivity to initiation 

<e) The sand test indicates 80/20 tritonal is 
106 to 114 percent as bnsant as TNT. The plate dent 
testandthefragrr»entation test indicate a brisance of 93 
percent and 91 percent of TNT respectively. The rate of 
detonation of cast tritonal is approximately 97 percent 
thai of cast TNT. The heat of explosion of tritonal is 59 
percent greater than that of TNT, but tritonal is only 124 
percent as powerful as TNT, as measured by the ballis- 
tic pendulum test. The Trauzl test indicates tritonal is 
153 peroeni as powerful as TNT. 

(f) As tritonal has the same 150*C vacuum 
stability test value as TNT, aluminum and TNT do not 
react at that or lower temperatures. Tritonal, therefore, 
tias the same ststsHlty as TNT, if free from moisture. 
Deteriorat'on tn the presence of moisture is not serious, 
probably because the formation of a layer of oxide on 
the surtace of the particles of aluminum prevents or 
retards further reaction. Tritonal, like TNT, can undergo 
exudation if stored at elevated temperatures, but this 
tendency is less than that of TNT because of the pre- 
sence of 20 percent by weight of metallic particles thai 
tend to hold oily exudate by '^i rfacp 'ension. This pre- 
vents the oily exudate from coalescing and exuding 

(g) When tested for blast effect, tritonal has a 
peak pressure of 113 percent of TNT and an impulse 
value of 1 16 peroeni of TNT. 
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(h) The composition of a sample of tritonal is 
determined t>y extracting a we>ghe<j sample with ben- 
zww. dryingthe roaidua, and waigNngthaaample. The 
loss in weight represents TNT and the weight of residue 
represents aiuminum. Each ia calculated to a percen- 
tage basia. 

b. nmwy kHMuf&s, 

(1) AmatoxaO. 

(a) Amatax 20 eonaisis of : 

RDX 40 percent 

TNT 40 percent 

Ammonium nXtnSB 20 percent 

The mixture has a nominal density of 1.61 grams per 
cubic oanttmetar and la used as a filler in ammunition 
itema. 

(b) Amatex 20 is slightly less sensitive than 
TNT, wtth impact test results of 1 5 to 1 8 inches on the 
Picatinny Arsenal apparatus. In the rifle bullet impact 
test of 100 trials, six detonated low order, three burned, 
and the rest are unaffected. The relative gap test value 
ia 105 percent of TNT. The live second explosion tem- 
perature is 240''C. 

(c) The detopRtion velocity at 1 .61 grams per 
cubic centimeter is 6,944 meters per second, although 
values of 6.830 meters per second at a density of 1.68 
grams pc cubic centimeter have been reported. A 
detonation pressure of 240 kilobars has been reported 
for a charge with a density of 1 .68 grams per cubic 
centimeter. The baWstic mortar test indicates amaiax 20 
is 110 percent as powerful as TNT Vacui rr stability 
tests indicate amatex 20 is a highly stable explosive. 

(2) Ammonal. 

(a) Ammonals aie mixturaa containing, aa 

principle ingredients, ammonium nitrate and powdered 
aluminum incorporated with high explosives such as 
TNT, DNT. and RDX. Powdered cart)on was also used 
in eariar ammonals. In the ammonaia that do not oon* 
tain carbon, the mixture of ammonium nitrate and high 
explosive detonates developing a very high tempera- 
ture which causae voiaMization of the aiuminum pow- 
der. Secondary reactions which follow involve the oxi- 
dation of the vaporized aluminum, either by the air, if 
oxygen is present, or by the products formed on detona- 
tion of TNT and ammonium nitrate according to the 
IMowing equations: 

3C02+2Ai — AI203+3CO 
3H20+2AI — Als03+3H2 



Both tf>ese reactions are highly exothermic and develop 
much additional heat which causes greater expansion 
of the gases and consequently greater Mast effect 

Many different combinations of ingredients have been 
used, both militarily and commercially. The most recant 
IMited States military ammonel consists of 22 percent 
ammonium nitrate, 67 percent TNT. and 1 1 penoent 
flaked aluminum. The oxygen balance of the compound 
18-55 percent to CO2 and ~ 22 percent to CO. The major 
use of this oomposition is aa a projectile fiHar. 

(b) As In the case of ammonium nitrate in 
amotols, the ammonium nitrate of ammonals might be 
hydrdyzed in the presence of moisture with the forma- 
tion of ammonia iMt, due to the presence of aluminum, 
the amount of .arnrnoma will be much greater. This 
amount might be as much as three times greater with 
ammonals than with 80/20 amatol. The ammonia reacts 
with TNT to form a complex addition compound wtiicfi 
ignites at 67*C. In addition, the reaction between 
aluminum and rTK>i8ture produces hydrogen, which is 
highly inflammable in <Hcygen or compounds containing 
oxygen. 

(c) The general effect of incorporating 
aluminum in ammonium nitrate/TNT mixtures is as fot- 
iows: 

1 merease in sensitivl^ 10 impact, friction, 
and rifle bullet impact. 

2 Increase of temperatures of detonation 
from about l,700°C to about 3,914X to 4.000'C. 

3 A 20 percent increase in power. 

4 An increase in some cases of the total 
volume of gas evolved on detonation. 

5 A decreaae in velocity of detonation and 

brisance. 

(d) Ammonals are manufactured by a 
method similar to that used for tlie preparation of 

arTialcis, Tfiu calculated arnouni of TNT is placed in a 
kettle that is equipped with an agitator and steam jacket 
The temperature of the kettle is raised to between 65°C 
and 100°C. The calculated amount of ammonium 
nitrate, which was previously heated to the same tem- 
perature as the contents of the kettle, is then added. 
Finally aluminum powder ia added and the mass coded 
while continuing the agitation. If the ammonal mixture 
contains less than 40 percent TNT, press loading is 
necessary. For compositions with more than 40 percent 
TNT, the mixture can be cast loaded. 
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(e) In general, ammonals am tairty insensl- 

tlv» and stable mixtures but an hygroscopic due to th« 
prasence of amrTx>nium nitrate. In the presence of 



(a) Three compositions of high 
•ives are used as shown in taWe 0-74. 



HBX-l 



HftX-S 



ftt)X (Inducing nitrocelKiloa*. 

calcium chkxide. and 



TNT 

Aluminum 

Wax and leorthin 

toCOi 

10 CO 
Dmlly in grams per 
cubic centimeter: 

Theoretical mmimum 

Nomina 

HnI Of eombuation in caloriea per gram 
Hsat of deformation in calOflM ptrgiiiii: 
with liquid water 



Inpact seiMlIM^ Ms pM06nliO# 

of TffT 
Rifle builet Impact sensitivity 
§B% ptroantBQS cf TNT 

Gap test sensftivtty as • 

pwcwNageof Tl^ 
rragineTiinoffi leei in w^rnm, 

HE, M71 shefl, number of 

fragments rTNT-TOO) 
Bnsance by sand test as a 

percent of TNT 
Detonation velocity in 

at density (in grams 



Detonation pressura in I 
BaHttic mortar: 
% TNT in air (shock) 
% TNT in air (impulia) 
Heat test at iocrc- 
% ion in Ist 40 hrs 
%Laaaln2»id40hf« 
Explosions in 100 hrs 
Hygroscopicity, % loss 
(in 7 days at 30* and 96% 
tMimMly} 



40.4±S.O% 

37.8±3.0«yo 
17.1 ±3 Wo 
4.7 ±1.0% 

-68 
-36 



1.76 
1.69* 1.74 
8^002 

1.040 
1. 



75 
75 

ao 

010 

102 
7.222 
1.75 



133<lfeTNT 
121 
121 

0.058 

0 
Nona 
^98 



31.S±8.0% 

29.0 ±3 Wo 
34.0±3.O<Vo 
4.9 ±1.0% 

-75 
-40 



1.882 
1.81 -1J6 
4AM 

2.110 
2,110 

70 



470 

93.5 
6»8S0 
1J0 



111% TNT 
116 
125 

0.70 
0 



2.01 



4S.liS.dt 

29.2t3.0% 
21.0t3.0% 
4.711.0% 



1.75 



7.190 
1.71 

23.7 
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TatlB8-74 High Blast Explosives (Cc 





HBX-1 


HBX-3 


(f6 


Blast effscts: 








% TNT under water (shock) 


111 


101 




<Vo TNT under water (bubble) 


145 


191 


* 



(b) H^explcieivoamprBpared fay mailing 

TNT in a steam jacketed kettle equipped w'th a 
mechanical stirrer. Water wet RDX is added slowly with 
aiming and heating untH all the water is evaporated. 
Powdered aluminum is added and the mixture is stirred 
until uniform. D2 wax and calcium ctitoride are then 
added and the mixture is cooled to a temperature suita- 
ble for casting. HBX can also be prepared by adding Hie 
calculated a"nnunt of noltenTNT to molten composWion 
B to obtain the desired proportion of RDX and TNT. 
Then the appropriate weights of other Ingredienis are 
added to complete the composition. 02 wax. also 
referred to as composrtion D2. consists of 84 percent 
paraffin wax, 14 percent nitrocellulose, and 2 percent 
lecRhln. Figure 8-90 shows the OTA curve for H8. 

(4) HIMX, TNT. and aluminum mixturs 3 
(HTA-3) 

(a) There are two typeeofHTArSas shown in 

table 8-75: 

Table 8-75. HTA-3 Composition 





lyiMt 


Type II 


Percent HMX 


49 


49 


Percent TNT 


29 


20.65 


Percent aluminum 


22 


22 


Percent calcium silicate 


• 


0.35 



The mixture has an oxygen balance to COi of -21 psr* 

cent amJ a specific gravity of 1 90 when cast. The heat of 
combustion is 3,667 calories per gram and the heat of 
explosion is 1,190 calories per gram. The spedlic heat 
is 0.245 calories per gram per degree centigrade. 

(b) To manufacture HTA-3, TNT is heated to 
about 1 00°C in a steam jacketed kettle equipped with an 
agitator. Water wet HMX is added slowly to the molten 
TNT. Stirring and heating are continued until all tf>e 
water is evaporated. Aluminum powder is then added 
and tt\e mixture is cooled with continued stirring. When a 
satisfactory viscosity is obtained the HTA-3 to cast 

(c) The impact tost result on the Picatinny 
Arsenal apparatus is 17 inches for a 25 milligram sam- 



ple. inthepsndulumWcaonleat HTA-3 is unaffected by 

either the steel or fiber shoe. The rifle bullet impact test 
indicates a relatively high sensitivity. 90 percent of the 
trials explode and tfie ottier 10 peroent bum. HTA^ 
requires a minimum detonating charge of 0.30 grams of 
lead azide. The five sscond explosion temperature is 
about 370"C. 

(d) In the sand test, HTA-3 crushes 61 .3 
grams of sand iiKlicating a bnsance uf 128 percent of 
TNT for an unconfined cast charge 2.54 centimeters in 
diameter. The detonation rate is 7,866 meters per sec- 
ond. In the 120*C vacuum stabHIty test, 0.37 cubic oan> 
timeters of gas are evolved in 40 hours from a one grim 
sample. 

(5) Minol-2. 

(a) Minols are mixtures of TNT, ammonium 
nitraie. and aluminum. Miflol-2 which Is the lype cur- 
rently used, has the following composillon: 

TNT 40±3 psroent 

Ammonium nitrate 40 ±3 percent 

Aluminum 20 ±3 percent 

The explosive is a grey solid with a cast density of 1 .62 
to 1 .74 grams per cubic centimeter. The heat of forma- 
tion is 48.33 Icilocalories per mole. The heat of detona- 
tion is ? 01 kilocalories per gram svth liquid water and 
1 .86 kilocalories per gram with gaseous water. The heat 
of oombusHon is 3,ie0calories per gram. Ate density of 
1 .74 grams per cubic centimeter and a temperature 
of-5X, minol-2 has a specific heat of 0.30 calories per 
gram per degree centigrade. Minols are used in four 
types of ordnance: undenwaler depth bombs, blodc 
buster bombs concrete fragmentation bombs, and 
general purpose bombs. In underwater ordnar)ce the 
confinement effects of the water somewhat offoet the 
effects of the relatively low detonation velocity. In block 
ixjster t>ombs a sustained and powerful impulse is mora 
destructive than a high peak pressure. In concrete 
lamentation bombs, the high impulse will impart a 
satisfactory velocity to the fragments but wiN not pul- 
verize the concrete. 
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(b) Mfnols are manutadured liy adding 

appropriate quantities of dry ammonium nitrate and 
aluminum powder to molten TNT at about 90*0 under 
agitation. Originally the aluminum was in the form of a 
Ine powdar, however, such a fine degraa of subdivision 
is not necessar\' The larger aiuTiinurn particles do not 
cause any loss of performance and have a smaller 
surtaoa ana par unit voluma and so naduoa lha raacHv- 
ity of the ahiminum in lha mixlura and incraasa tlia 
stability. 

(c) The impact sensitivity, as measured by 
tfie Picatinny Arsenal apparatojs wHh a 17 milligram 
sample, is 13 Inches Using the Bureau of Mines appa- 
ratus, with a 20 milligram sample, the drop height is 35 
centimeters. In the nfle bullet test 62 percent of the trials 
w«raaflMlad.Tlia1li«aaoondaxplosiontampanMuraia 
224^0 to 260*C. The flammability index is 100. The 50 
percent level in the booster sensitivity test is 3.71 cen- 
timeters usinga 100 gram tetryl pellet a n d mlnol-2 wMh a 
density of 1 .74 grams per cubic ce nti meter. Thefslativa 
gap test value is 120 percent of TNT. 

(d) In the sand test minol-2 crushes 40.5 
grams of sand Indtealing a brisanoa of 86 percent of 
TNT. The plate dent test indicates a brisance of 66 
percent of TNT. In the fragmentation test the fragment 
velocity is about the same as for TNT. The detonation 
veloclly at a densHy of 1.62 to 1.68 grama par cubic 
centimeter is 5,900 meters per second and at 1 77 
gran^ per cubic centimeter is 6.200 meters per second. 
The ballistic pendulum test and the Trauzi test indicate 
that minol-2 is 1 43 percent and 1 65 parcant as powarM 
as TNT, respect! velv 

(e) In the 1 00°C vacuum stability test minol-2 
does not evolve any gas in 48 hours, but in the 120"C 
test a 5.0 gram sampleevDlvas2.1 cuUccentimeters of 
gas in 40 hours. When stored in munrttons, minois tend 
to spew or ooze. The cause of this problem has not been 
detarminad at lha praaent lima. Minoi'2 aicpanda mora 
but extrudes less than TNT or tritonal under similar 
temperature cycling conditions. Dry minol-2 is stable 
and unreactive when cycled between ambient temper- 
ature and 100*C. If tha minol-2 is praparad with diy 
ammonium nitrate there is no phase ch^jnge under 
50"C. However, when ammonium nitrate tfuU is not 
thoroug h ly d ry is usad. the minol-2 wHI axhijit a revara* 
ibie phase transition beginning at 32^C producing vol- 
ume changes of about 3.8 percent. These volume 
changes could cause microcrystalline cracks and pores 
which could reduoa datonaUon valocity and mechanical 
atiangth. 



(6) Torpax. 

(a) TofpaNia a altvafywhNa solid when caaL 

The composition of torpex is 41 6 percent RDX, 39.7 
percent TNT, 18.0 percent aluminum powder, and 0.7 
paroant wax. TtiadanaNy of cast tofpaxia 1.82 grama 
per oitte centimeter. At 1 5°C the specific heat is 0.24 
calories per gram per degree centigrade When the 
explosive undergoes solidification, there is a decrease 
in voluma of aix paroanL Torpax ia nonhygroaoopie 
wtvere exposed to air of 90 percent relative humidity at 
30*C. When heated, toipex urulergoes partial meltir^ 
near the melting point of TNT. The partially liquid expkh 
Siva has viscosity values of 4.5 and 2.3 poises at 83''C 
and 95"C, respectively This is approximalaly ttia via- 
coaity of glycerin at room temperature. 

(b) Torpex is manufachirad by matting TNT 

in a steam jaclceted kettle equipped with a strer and 
heating the molten TNT to approximately 1 00°C. RDX 
that is slightly wetted with water is added slowly and 
mixing and healing are oonlinuad unUi aN water iiaa 

been driven off Grained aluminum is added and the 
mixture is stirred until uniformity is obtained. The mix- 
ture is then cooled, with ointinuad atining, unM the 
viscosity is suitable for pouring. The aluminum tends to 
settle out of the torpex in large castings if the liquid is 
allowed to set too long. To prevent this, a portion of the 
casting is poured and alowad to cool to lha point of 
crusting over before another layer of torpex is poured. 
Torpex of slightly different composition can be man- 
ufactured by melting 12.5 parts of TNT, adding 69.5 
parts of composition B and, after heating and stirring, 
adding 18 parts o» aluminum. This illustrates the facttfutf 
torpex IS essentially aluminized 50/50 cyclotol. 

(c) Torpex is considerably more sensitive to 
impact than oompoaH i on B and undargoea partial or 

complete explosions in all trials in the rifle bullet impact 
test. Torpex is more impact sensitive at higher temper- 
aturaa as is indtealad by tha folowing date. 



Temperature in Impact 

dOQfiM otnHQrad^ SMuMMly 

25 15 

32 7 

104 8 



The ive aaoond explosion tenvperature tsat vahia. 
260%. is the same as that of RDX. Cast torpex is much 
more sensitive to initiation than cast TNT and pressed 
torpex is as sensitive as RDX to initiation t>y mercury 
fulminate. 
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(d) Sand tests indicate torpex to be 96 to 99 
percent as brisant as RDX tnd 1 22 percent as brisant as 

I TNT. As Judged by plate dent test values, cast torpex is 
r 120 percent as brisant as TNT Fragmentation tests of 
ahell charges indicate torpex to be 1 26 percent as bri*- 
sin as tviT anOt insfavofo. nwenofiDoornpcwniori bmi 
this ''aspect The rate of detonation of cast torpex is 1 10 
percent that of TNT. The heats of combustion and 
explosion are 3,740 cakNtes per gram and 1.800 
caicries per gram, respectively. Trauzl tests for the heat 
of explosion indicate torpex to be 161 to 162 percent as 
powertui as TNT. but the DaHistic pendulum test gives 
loipaK a superfority of only 34 pareani Toipax haa a 
great blast effect The foUowing Ma8toom|Mflaona are 
relative to TNT as 100: 

Air. 

Air W H iW u nI UndmMtar 

Peak pressure 182 - 116 

Ifnpulaa 125 116 127 

Enargy 146 153 

(e) Vacuum stability tests show torpex to be of 
the same order of stability as composition B. Storage at 
7S*C for orta monlh or 65*C for 1 3 months haa no affact 
an the stability of torpex. In the 1 (KTC heat test there is 
no weight loss in the first 46 hours, 0.10 percent weight 
loss in thB second 46 hours, and there is no explosion in 
100 hours. Torpex. ihaFsfora. has high ataMity. How- 
ever, moisture reacts with the ingredients in torpex 
causir>g the evolution of gas which can cause rupture of 
ihe ammunNion component or cause an incraaaa in tha 
sanaflfvilyoflorpaKtoshock. FortNaraaMmalmoia- 
tun must he removed during manufacture. 

(0 The composition of torpex can t>e deter- 
mined by extracting a weighed sample with cold ben- 
ttne or toluane that has been saturated with RDX. Tt>e 
residue IS dried and weighed and the loss in weight is 
calculated to percentage of TNT. The dned residue is 
aXifacifiNi wim nOi aoevona. uiuu, ana weignea. i na 
loss in weight is calculated to percentage of RDX. Tha 
weight of the final residue is calcuialad to paroantaga of 
aluminum. 

(g) The shaped charga aHlciency of torpax 
ralatlva to Tt4T as 100 is: 

Hole volume ISO 145 

Hole depth 127 131 

c. Quantemary Mixtures 

(1) Depth bomb explosive (DBX) is the only 
explosive covered under quantemary mixtures. DBX 
Gonaists of: 



TNT 40 peroenl 

RDX 21 paitant 

Ammonium nilrala 21 percent 

Ahnninum IBpatoant 



DBX was developed to replace the more sensitive tor- 
pex. As the name indicates, the primary use of DBX is in 
depth charges. The mixture is a grey solid that is slightly 
hygroscopic and, except for ttia aluminum, is soluble in 
acetone The density of the cast material is from 1.61 
grams per cubic centimeter to 1.76 grams per cubic 
oantlfnatar.Tha malhod43f manufactura isalmllarlottiat 
of toipax awapl that casting la dona at 90% to 9S*C. 

(2) The impact sensitivity of DBX is slightly less 
than that of TNT; 10 inches on the Picatinny Arsenal 
apparatus varaua 14 Inchaa for TNT. In tha rffla bulal 

impact test about 49 percent of tf>e samples exploded 
from the impact of a 30 caliber bullet a? a distance of 
2,743 meters (90 teet). The five second explosion test 
valua ia 2001%. Tha minimum dalonating diaiga is 0.20 
grama of laad azlda and 0.10 grams of tetryl. 

(3) The sand test results indicate a brisance of 
112 percent of TNT. The detonation velocity is 6,630 
matara par second Ibradenaity of 1 .65 grama par cubic 
centimeter and 6,800 meters per second at a density of 
1 .76 grams per cut>ic centimeter. By the ballistic mortar 
taat tha power of Pex is 146 paroant of TNT. For the 
100% vacuum stability test, 0.6 ouliic centimeters of 
gas are evolved in 40 hours The energy of the air blast 
is 136 percent ot TNT and the energy ot the water blast 
is 143 peroant of TNT. 

d PIMfe BonM Bxphahnt (PBJQ. 

(1) PBX is a term applied to a variety of explo- 
sive mixtures which have high mechanical strer>gth, 
good explosive properties, excellent chemical statilHty. 
relative msonsWvity to handling and ahodc. and high 

thermal input sensitivity- The detonation velocity of 
PBX s is usually above 7,800 meters per second, the 
average autoignition temperatun» ia above 2S0*C and 

the slKx:ic sensitivity is usually 10 to 40 percent above 
that required for detonating the basic explosive. PBX's 
contain a large percentage o( basic explosives such as 
RDX. HMX. HNS. or PETN in MNnala mixture with a 
polymeric binder such as polyester, polyurethane, 
n^n. polystyrene, various types of rutjbers, nitrocel- 
lulose, or teflon. In some instances a plastidzerauch aa 
dioctylphthalate (DOP). DPA, or butyldinitro- 
phenylamine (BDNPAi fs included in the ingredients aS 
well as a tuei sucfi as powdered aluminum or iron. 
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(2) Much of trie advantage stemming from 
the UM of PBX Mm in tfw slmpidly of ttw technique of 
end item manufacture. About half ofihedeveiopedPBX 
composites are used to directly cast end items. For this 
procedure fK> elaborate motting equipment or contraHid 
cooling cycles are required. All operatior>s may beoon> 
ducted at ambient temperatures or, in some instances, 
can even be earned out in the tield. However, where 
extraordinary mechanical strength Is required or where 

complicated shapes are desired a pressing or injection 
technique is applied using a molding powder or slurry of 
Ihe PBX. The final PBX product not only exhlMs exoei* 
lent technical properSae but also has Ibe economical 
advantages of low processing costs and the ready 
availability ot all constituents from commercial sources, 
in cunrenlly evolved oowpoa H ion s . reeydng and dto- 
posal present no spedaj difficulties because thermaly 
degradable binders are used. Ideally, the binders 
undergo comrDHed thermal degradation ao that Ihe 
material can be easily removed from explosive casings 
for the purpose of efficient recycling of the base explo- 
sive or low pollution disposal of the entire item. 

(3) Several manufacturir>g procedures are 
currently used to produce PBX's. One of these 
techniques is that of casting This procedure, at first 
glance, noerely involves combining a dried explosive, 
such as HMX, wHh binder oonsMuente and curing ini- 
tiators in a mixing vessel, blending to desired 
fK>mogeneity, then casting into a given warhead or other 
ordnance item. Unfortunately, there are hazards asso- 
ciated with the drying of large quantities of explosivas 
such as HMX orRDX Hence a desensitizing pfocedUW 
must be added tor production-scale operations. Thto 
procedure hvohfee coating the water wet HMX or RDX 

witfi the alkyd or polyester portion ot the binder. The 
resulting lacquer is added slowly to an aqueous slurry of 
the HMX or RDX. Agitation at 250 revolutions per minute 
In the preaanoe of water causes the resin to precipllate 
onto the surface of the HMX or RDX, producing an 
insensitive powder which may be safely dried, handled, 
stripped, and stored untH ready for use in the final PBX 

composition. The precoated explosive is then combined 
in a mixing Kettle with sufficient copolymer to constitute 
the final binder composition. At this point an accelerator 
such as cobalt naphthenate Is added. The mixture is 
then stirred until homogeneous, at first under ambient 
pressure and finally in a partial vacuum to remove 



entrapped air. A cunng agent such as methyl ethyl 
ketone paroMide Is then added. After another short mix- 
ing penod the explosive composition Is poured into the 
desired mold. Vacuum casting has not t>een found 
naoaaaaryloobiaingDdddensity providsdllwilhemold 
daaign is not too intricate or the height-to-diameters 
ratio not too great. Another method of casting is called 
injection molding. This nvethod is used to produce intri- 
cate ahapad or amall diameter caslinge. The PBX uau- 
ally employed with this technique has a high solid con- 
tent of explosive such as PETN, which provides for 
steady state detonation in small croes-sedional chan- 
nels or tubes. This method was developed by the Navy 
to provide explosive logic links of less than .25 cen- 
timeters in diameter. Figure 8-91 iUustrates the injection 
moldhig piDc ofle . The tectwiique of irijecllon moMbig 
involves movement of explosive material at room tem- 
perature into a cavity or tubing from a reservoir. This is 
accomplished by applying about 82,740 Itilopascals 
(12,000 pounds per square inch) to the piston. This 
forces thie explosive into the cavity or tube When the 
accepting device is full, pressure on the piston is relaxed 
and flow slope. The device te then removed and sat 
aside to allow the explosive to polymerize into an elastic, 
rubber-like solid. A second manufacturing technique 
produces a molding powder which is pressed into the 
desired end item shape under presauie in excess of 
206,850 kilopascals (30,000 pounds per square inch). A 
slurry method can be used to prepare RDX type PBX s. 
in Ihl^ method42.5gram8 of polystyrene and eight cubic 

centimeters of dioct^'Iphfhalafe were dissolved in 200 
cubic centimeters of toluene in a lacquer dissolver. 
Steam is introduced into the jadtet until the temperature 
is 6S*C. The lacquer ia agttated constantly then added to 
a granulator. This lacquer contains a four to one ratio of 
plastic-piastk;izer to toluene. The granulator which is 
agltalsd at 400 revohiUons per minute, oontains 450 

grams of RDX and 4,500 gram s ot water v^hicti has been 
heated to 75°C. The lacquer solution is poured into the 
granulator foHowed by a solution of gelatin In water. 
Mixing is continued for five minutes to insure the RDX is 
well dispersed. Granulation takes place at this point 
Steam is introduced into the jacket again to distiU the 
solvent until the tsmperatufe rsaehea 96*C. CooVng 
water is then run into the jacket to cool the batch to 40^. 
The coated material from the granulator is collected on a 
Buchner funnel and dried In a tray at 70*C for 24 hours. 
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Figun$-9l. tn^cHon kM<Mng operation. 

(4) Table 8-76 Mb IhooonipoaMonorilw 
PBX*8 cufrmdy praduotd and UMd tor mOliwy pui^ 



raMi«-7«L PBXOompoMoim 



Designation 


Compoflilion 


PBXIM 


94 percent DATB 




6 percent nylon 


PBXN4 


95 p6fMnt HMX 




5 percent copolymer of vInyWdene 




fluoride and hexafluoropropylene 


PBXIM 


95 percent RDX 




5 p>erc8nt copolymer of vinyHdene 




fluoride and hexafluovopropylMM 


PBXN-201 


83 percent ROX 




12 pOTosnt copolyiMf of vlnyMMW 




fluoride and fmiiluoropropylene 




5 percent polyflrallUOfDethylene 




(teflon) 


PBX4)fi80 


95 percent RDX 




5 polyethylene binder 


PBX Type i 


90 percent ROX 




0.9 pefoeni poiysiyivnv 




1.5 percent DioctylpMMalt (DOP) 


PBXC-116 


86 percent ROX 




14 percent eliulonwrfo bimtor 


PBXAF-lOe 


82 percent RDX 




16 percent plastidzar 




2 percent binder 



PBXN-5 blito known as LX-10-0. This compound has 
bkje-green spots on a wtiite background. The theoreti- 
cal maximum density is 1 .896 grams per cuWc oan- 
ttnelor with a nominal density of 1 .86 to 1 .87 grams per 
cubic centimeter. The melting point, with decompoei- 
Von, Is greater than 25(rC, and the heat of tormatkHi 
is-d1 .4 eatorles per gram. TDe heat of doionallon with 
IkiukJ water is 1 .55 kilocalories per gram and the heat of 
detonation with gaseoOs water is 1.42 kikjcalories per 
gram. In the LANL small scale gap test a hot praaaed 
ciiargeof densMy 1 .872 grams per cubtocianlimalarand 
a pressed charge of density 1 .857 grams per cubic 
oentimetar had 50 percent points of 2.25 ±.25 millime- 
tan and 2.29 mMmalen. reapeeHvaly. Hgure M 
ahowe Ihe OTA ouive tor PBXN-5. 

e. AuliislrM GiptoaAm. 
(1) DynamNae. 

(a) MMaiy operations frequently necessitate 
excavation, demolition, and cratering operations for 
whk:h the standard high expk>8ive8 are unsuited. 
Raoourse la medelo oommeitial and special compoai- 
Hona. Commercial blasting explosives, with the excep- 
tion of black powder, are referred to as dynamites 
^ough in aome cases Ihey contain no n W i o flhfBe r ln. 

(b) Nobel gave die name dynamNe to mix- 
tures of nitroglycerin and kieselguhr, the strer>gth of the 
dynamite being indk»ted by ttie percentage of nitro- 
glycerin in the mbdurs. Kieselguhr le a chamtoally Inert 
but porous material. Nitroglycerin absort)ed by kiesel- 
guhr is much safer to handle than the unabsorbed mate- 
rial. Later, even stronger dynamites were made by sub- 
sMudng sodium niHale and a eombusHble abaorbam, 
such as wood pulp, for the kieselguhr The resulting 
composition was called an active dope dynamite. Sub- 
sequently, the replaoemsnt of part of the nitroglyosrin 
and sodium nitrate by ammonium nitrate brought into 
existence the less costly ammonia dynamites that are 
notable for their great heaving rather than shattering 
altocla. The rspleoement of nNroglycefln in dynamite by 
nNrastarch resulted in the development of a class of 
dynamites free from some of the objectionable charac- 
terislics of nitroglycerin dynamites. While the active 
dope and ammonia dynamHse era hygroscopk: and 
desensitized by water, necessitating a moistureproof 
wrapper, a waterproof compo8itk)n termed blasting 
gelalh) Is obtained by ooHoidlngnitfooellutoee With nhro- 

glycerin. When mixtures are made of 88 to 92 percent of 
nitroglycerin and 8 to 1 2 percent of nitrooeiluk)8e having 
a nitrogen content of about 1 2 percent, a relallveiy tough 
malarial is fornied. Blasting gelatins are particularly 
adapted to deep-water blasting. By including some 
nitroceUutose in the compositions of active dope dyna- 
mites. the so^alled gelatin dynamltBS were formulated. 
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These possess greater density,' and water resistance 
than straight active dope dynamites and so are more 
suiMbto for uw undar wwt condttfona* 

(c) Tlw ooat of glyoofin and lha tandancy of 

nitroglycerin to freeze at some atmospheric tempera- 
tures promplad the partial replacement of nitroglycerin 
by anHfraen matsfiaia auch as nitrated diglycerin, 
nigars. and glycols. Antacid materials such as caldum 
cartxMiate or zinc oxide have been added to most 
(^fnamfte compositions to neutralize any acidity davel* 
ofwd during alorage. Tha IncluaiDn of apodal f>iJV|KM« 
ingredients such as sulfur, fcrrosllicon, alum, nitro- 
ioiuanes, sodium chloride, copper sulfate, etc and the 
au hail l ul i ui* of alarch, ground peanut hulls, vegetaUa 
iWNy, ale, for wood pulp have further increased tha 
oo m ploadtyofdynamlta compoaltiona. UauaJly, thay ara 



formulated so as to have certain rate of detonation and 
heaving force values that render them suitable for vart- 
oiia typaa of btaadng oparattona. M tho aama tbna cara 
mi^t be taken that the compoaitiona are oxygen 
balanced when the paraffined paper wrapper is taken 
into cor)8ideratk>n. Compositions over&aianced with 
raapact to ontygan produca nNrogan oscldaa on dahma* 

lion white underbalancod compositions produce soma 
cartx>n nwnoxide instead of caft>on dioxide. While many 
of ifia oonwnarcial dynamHaa aita givan alfangiti dasig* 
natwns on a percentage basis, this no longer means 
that they contain that percentage of nitroglycerin or ha ve 
the same characteristics as a mixture of kieselguhr and 
niuoglyoarin containing that paioaniaooof nilniglycarin. 
Representative connposrtions and characteristics of Iho 
various types of dynamita are given in table 6-77. 



T«Mae>77. Citwv>oailia»ia^ and Cft a racf a iftdca of Dynamim 



Strength of dynanvle, percent 


20 


30 


40 


so 


ao 


1w 


Strr)inht rtvnflmflaM* 


















29 0 




4S.0 


568 




SfKaufn nilraiA 

^^MMWIVV villi tUw 


S03 


SIS 




644 


226 




CarbonMMOiiB fual 

WW Wl IWi^PWWW 1 wv 


154 


13 7 


13.6 


146 


16.2 




Sutfur 


2 9 


20 










Antacid 


1 3 


1 0 


08 


t.1 


1.2 




Moisture 


0.9 


1.0 


0.9 


1.2 






Rate of detonation, m/sec 


3,600 


4,300 


4,800 


5.150 


5.900 




Ballistic pendulum, percent TNT 


83 


90 


94.5 


102.5 


114 




Ammonia dynamllaa* 














Nitroglycerin 


12.0 


12.6 


16.5 


16.7 


22.5 




Sodium nitrate 


57.3 


46.2 


37.5 


25.1 


15.2 




AfiHnoniuin nifrala 


11.8 


25.1 


31.4 


43.1 


50.3 




Cartxmaoaoua fual 


10.2 


e.8 


9.2 


10.0 


6.6 




Sutfur 


6.7 


5.4 


3.6 


3.4 


1.6 




Antacid 


1.2 


1.1 


1.1 


0.8 


1.1 




Moiatura 


0.6 




0.7 


0.0 


0.7 




Rate of detonation, m/sec 


2.700 


■ 


3,300 


3,900 


4,600 




Ballistic pendulum, percent TNT 


81 


• 


91 


99 


109 




Gelatin dynamites: 














NHroglyoarfn 


20.2 


25.4 


32.0 


40.1 


49.6 


91 .0» 


Sodium nitrate 


60.3 


564 


51,8 


4S.6 


38.9 




Nitrocellulose 


0.4 


0.5 


0.7 


0.8 


1.2 


7.9 


Carbonaceous fuel 


6.5 


9.4 


11.2 


10.0 


6.3 




Sulfur 


6.2 


6.1 


2.2 


1.3 






Antacid 


1.5 


1.2 


1.2 


1.2 


1.1 


0.9 


Moisture 


0.9 


1.0 


0.9 


1.0 


0.9 


0.2 


Rata of datonatkm. m/aac 


4.000 


4.600 


5^150 


5.600 


6.200 


7.400 


BaNadc pendulum, parcant TNT 


70-74 


79 


64.5*86 


90.5 « 99 


99-101 


143 
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Anunonia gelatin dynamAm: 














NHroglycerin 




22.9 


26^ 


29.9 


35,3 




Sodium nitrate 




54.9 


49.6 


32.0 


33 5 




Ammonium nitrate 




4.2 


8.0 


13.0 


20. 1 




NttroooHulose 




0.3 


0.4 


0.4 


0.7 




Carbonaceous fuel 




6.3 


8.0 


A A 

8.0 


^ A 

7.9 




Sulfur 




7.2 


5.6 


3.4 






Antadd 




0.7 


0.8 


0.7 


0.0 




Moisture 




1.5 


1.4 


1.6 


1.7 




Rate of detonation, m/sec 




4,400 


4.900 


5.300 


5,700 




Ballistic pendulum, percent 




63 


88 


92 


97.5 




of TNT 















(d) In addition to mHHary dynamite (h below), 

dynamites of the types described may be used for milit- 
ary operations and are procured as commercial items. A 
composition having great heaving force and reiaiively 
low rate of detonation is pieferable for blasting soft rode 
or earth, wtiile a gelatin dynamite of low heaving force 
and high rate of detonation is used for hard tough rock. 

(e) A special demolition explosive stand- 
ardtead sitoftfy before World War il Is based on nitro- 
starch instead of nitroglycerin. The explosive is pressed 
into 1/4-pound pellets which are covered with paper and 
one pound packages of the peNelsare wrapped in paper 
with markings indicatbig the location of liolos for Masting 
caps in the pellets. The composition used is as follows: 



NHrostarch 


34.5 ±2.5 


Barium nittale 


43.5 ±1.5 


TNT 


15.0 ±2.0 


Aluminum 


3.0 ±1.0 


Graptiite 


2.0 *1.0 


Coai dust 


1.5 ^0.5 


Paraftin 


0.6 ±0.6 


Oicyandiamide 


1.0 ±0.5 


Moisture 


0.75 ±0.75 



The t>arium nitrate is coated with the paraftin before the 
ingredients are mixed together and presosd into poltols. 

The composition must not undergo ignition or explosion 
when heated at 100°C for 48 hours and must have a 
density of 1.75 ±0.10 when pressed. 



8-m 



(f> NHrostarch denNMOon explosive is eanal' 

five with respect to crumbling or breaking action. No 
explosions occur in the pendulum friction test but explo- 
sions do occur in tt>e rifle bullet impact test. The initiation 
sensHlvity is slightly greater than that (rf TNT. The sand 
test indicates a brisance of 90 percent of TNT and the 
ballistic pendulum test indicates a power ot 96 percent 
of TNT. Themploslve is hygroscopic to the extent of 2.1 
percent when exposed to air of 90 percent relative 
humidity at SCC Lonq term storage tests indicate a 
satisiactory stability. Some volatilization, rather than 
deoomposWon, occurs in tlie 100*C heat lest in 98 

hours. A weight loss of one percent with no signs of 
deterioration is reported in ttie 75"C international test. 

(g) D u ri ng World War 1 1 , a craterir>g explosive 
witti the following oomposWon was used 

Pefcent 

Ammonium nitrate 86.6 
Oinitrotohiene 7.6 
FernMiKoon 5.7 
Red dye 0.1 

This inexpensive and easily manufactured explosive is 
very insensitive to shock and initiation, has a km rata of 
detonation but high heaving force value, and is very 
stable. As it is somewhat hygroscopic in spite of the 
moislureproofing action of the dintlrololuene, the explo* 
sive is psdced in hermetically sss lsd containers. 
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(h) Military dynamile Ml, M2, and M3 is a 

medium velocity (6,096 meters per second) btastinq 
explosive in three cartridge sizes. Military dynamite M l , 
M2. and M3 has bean standardized for use in nHiNary 
construction, quarrying, and service demolition work. 
The explosive composition is packaged in standard 
dynamite cartridge waxed-paper wrappers. The models 
differ only In the cartridge size. Cartridges are 1 1/4 
inches in d'ameter by 8 inchps long for the Ml. 1 1/2 
inches in diameter by 8 inches long tor the M2, and 1 1/2 
inches in diameter by 12 inches long for the M3. The 
oompoeMon used is: 

Porcant 

RDX 75±1.0 
TNT t5±0.5 
GradeSAENalOengineolptus S±O.S 

polyisobutylene 
Cornstarch 5^0.5 

Deeenaitized ROX. which is coaled wHh engine oil 

before mixir>g with the other ingredients and grained 
TNT are used in the manufacture oi the dynamite. Mili- 
tary dynamite Ml , M2. and IM3 ie equivaient in strength 
to 60 percent commercial dynamite. The military dyna* 
mite is safer to transport store, and handle than 60 
percent straight nitroglycerine a>mmerc«al dynamite 
end Is raletlvely meenaitive to tHclion, drop imped, and 
rifle bullet impact The composition remains plastic 
at -57°C after 24 hours. Military dynamites are odorless, 
free from nitroglycerin tOKlcity. nonhygroscopic, and 
chemically stable when exposed to 80 percent relative 
humidity at 71°C for one month. No freezing occurs in 
cold storage or exudation in hot storage. Turning of 
sMpping oontainsfs during storage is not necessary. 

(2) Ammonium iMrate fuel oil explosives 
(ANFO) 

(a) When ammoniunn nitrate is mixed with 
approximately 5.6 percent of a combustible matenal 
such as fusi oil, the heat liberated on detonation Is 

increased by a'rr-ost threp-fold. The reaction proceeds 
according to the equation; 

3NH4N03+(CH2)n — ► 

3N2+7H2O -i-CCh-t- 102.5 kilocatorias per gram 



(b) Extremely insensitive to initiation, ANFO 
requires a high explosive booster ccntaininq 50/50 
pentolite, composition B, or otner similar high explosive. 
SsnsHivl^ does vary somewhat with oil oonlsnl. The 
maximum sensitivity is at about two to four percent, with 
a substantial reduction for greater concentrations of oil. 
Sensitivity is decreased by the presence of water, but 
decreasing thepartideMze ordensity of the ammonium 
nitrate prills increases sensitivity. 

(c) The energy produced upon detonation is 
comparable to the energy produced by some of tfte less 
powerful military explosives, however, the detonation 
velocity is only about 4,300 meters per second in large 
diameter charges. With six percent oil, the detonation 
velocity is at maximum, but maximum energy is 
obtained with 5.5 percent oil. Increased charge diame- 
ter, up to about 1 3 centimeters, and confinement causes 
an increase in the velocity of detonation. 

(3) Water gel and sluny explosivea. 

(a) Along with ANFO explosives, the water 

gel and slurry explosives hfjve virtually replaced dyna- 
mite in mining operations Water gel and slurry expio* 
sivss have a higher energy content lhan ANFO, smaler 
critical diameter, and can be used in wet conditions. The 
gel explosives consist of ammonium nitrate with or with- 
out other oxidizing agents, explosive or nonexplosive 
sensillzers, fuels, and gelatin forming compounds in an 
aqueous medium. Slurry explosives contain the same 
ingredients with additional compounds that bond the 
solid panides and prevent water fh>m defusing in and 
out of the slurry. The explosive sensitizers are such 
compounds as pentolite. TNT, methylamine nitrate, 
smokeless powder, and nitroslarch. Nonexpkisive sen- 
sitizers can lie finely granulaled aluminum, gas bubbles 
in suspension, gas contained in small glass spheres, 
and porous solids. The fuels include coal dust, urea. 
sMw, and various types of hydrocartMns. The gelatin 
forming compounds include guar gums, cariboxymethyl 
cellulose, resins, and synthetic thickeners The viscosity 
of the mix can be altered by the addition of cross linking 
agents like sodium tetraborate and potassium dichro- 
mste. Glycerol, methanol, and dielhylene glycol may be 
added as antifreezes. 

(b) The detonation characteristics of the 
water and slurry explosives vary considerably with the 

composition of the slurry Detonation velocities vary 
from 4,300 to 6,050 meters per second and detonation 
pressures vary from 60 to 104 idlobar. 
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CHAPTER 9 
UNITED STATES PROPELLANTS 



••I. Introduction. Selection of a propellant for an 
appitcation ts made on the basis of ttie requirements of 
that specific application. In general, guns are designed 



a specific pressure in tf>e barrel. With a knowledge of the 
properties of the constituents normally used tor propel- 
tante, the propellent designer crealM a farniutalion to 
satisfy the performance standards and limitationtofflht 
gun. When ignited, the propellant produces large quan- 
of hot, gaseous products. Complete combustion or 
dtllagralion of ttw prapMam occurs In mNHMeondt in 
guns and the pressure produced accelerates the pro- 
jectile down the barrel. Table 9-1 shows the approxi- 
lima iMjlilbuyuiioftheenefgy content of the propeMant. 

Tabh9-1. OtUMon of Profi^ant Energy 





ofloM 


Motion of projectila 


32.0 


Frictional work 


2.0 


Translation oi gases 


3.0 


Heat loaa to gun and pfotaoHIa 


20.0 


Sensible and latent heat loss in gaseS 


42.0 


Rotation of projectile and recoiling parts 


1.0 



9-2. Ctiemlcal Compoaition of Propellanta. 

Properties of the principal energetic ingredients of 
common gun propellants (nitrocellulose, nitroglycerin, 
and nitfoguanidbie) are diaouaaad in Cliaplar 8. Tha 
composition and selected properties of various gun 
propellants are shown in tatite 9-2. The fotmulations 
arise from naods to maintain tha flama tamparatura at 
canain lavais, and from a desire to achieve the 
maximum energy content within that flame temperature 
limitation. Lxjw ftanr>e temperatures, low levels of carbon 
monoodda. and tiydregan in ttta nHiEzIa raduoa tlia tan* 
dency of a gun to exhibit secondan,' flash The main 
reason for seelong low flame temperatures is to reduce 
barrel aroeion. In certain propellant systems, tha need 
for flash reduction impacts on the flame temperature 
limit permitted. Usually, potassium salts are sufficiently 
effective in eiiminating secondary flash. Also to be con- 
•idaiad are tha coat of ingradianis and tha phyaicai 
p w p ort iaa of tha Unal prapalant. 



TaDie 9-2. Composition and Properties oi Pmpeilants 





Ml 


MB 


MS 


MB 


MS 


M10 


M31 


M30 


IMR 


M18 


NilrocaMuloae (NC), <Vb 


85 00 


77 45 


81 95 


87 00 


52 15 


98 00 


20 00 


28 00 


100.00 


80.00 


% Nitrogen in NC 


13.15 


13.25 


13.25 


13.15 


13.25 


13.15 


1^60 


12.60 


13.15 


13.15 


ffllroglycwin, % 




1950 


1500 




49.00 




19.00 


22.50 




laoo 


Barium nitrate, % 




1 40 


1.40 
















PotanhMn nUraie, 




0.75 


0.75 




1.25 






























1.00* 




Lead cartwnate. % 










* 


























54.70 


47.70 






URiuuKwene, ^ 


10.00 






IOjOQ 










a.oo" 




Ditnitylphihalate, "^'o 


5.00 






aoo 






4.50 






9M 


Owlhylphthalale. % 










3.00 












OiplMnylifnIna, % 


1.00* 






1.00" 


• 


1.00 






070 


1.00 


Eltiyl centraltte. % 




0.60 


0 60 




0.60 




1 50 


1 50 










0.30 


0.30 






0.10'' 




0 10" 






CfyoNle, % 














0.30 


0.30 
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Table S-2 ComposiHon and PfoperHes of PropeUants (Cont) 





Ml 


M2 


MS 


M6 


MB 


M10 


M31 


M30 


iPim 


M1B 


CM«>J — * ' ' / rt^m»f4t jaJ\ CU^ 


ft 7C 


< jU 


<.M 


n Oil 


0.40 


i.dO 


O.JO 


0.90 




A CA 

0.90 


WnSr (IMKIIMI), TO 


O.dU 


0.70 


U.f U 


o.oo 


0 


0.60 


0 


A 

w 




O 


Isochofic flam© tomp. T», K 


^,4 I f 


J.J iS 


J,«:43 




^ ABC 


1 AMI 

9,000 


£,999 




4 SIR 




Fore*. fl-ttVltnlO ^ F 


305 


360 


355 


317 


382 


339 


334 


364 


331 


310 


UiNMhlNd ctttoon. % 


8.6 


0 


0 


6.8 


0 


4 


8.7 


3.2 


2.7 


6.8 


Combustibles, % 


653 


47 2 


47 4 


624 


37 2 


54 5 


498 


41.0 


592 


66 6 


Heat of exptoaion. cal/g 


700 


1,080 


1,047 


758 


1.244 


996 


807 


974 


868 


772 




0.04533 


003900 


0.03935 


0.04432 


OJOSTU 


a04<M8 




0.04306 


A04161 


0.044S7 


Ratio of specific h«tf 


1 2593 


1 2238 


1 2238 


1.2543 


1.2148 


1 2342 


1 2527 


1.2365 


1.2413 


1 2523 


Covoiume, m. '/lb 


30 67 


27.91 


27.52 


29.92 


26.63 


27.76 


30.87 


29.26 


28.91 


30.24 


DiMliyi Qton' 


1.57 


1.65 


1.65 


1 58 


1.62 


1.67 


1.64 


1.66 







a. The single'baaepiepoianis shown in table 9-2 

are Ml, M6 M10, and IMR Nirrnccllulos© is the princi- 
pal energetic material. These are low cost propeilanta 
that have a tow flame lomperaluni and tow energy con- 
tent. To reduce the flame temperature and barrel ero- 
sion, recent formulations of the IMR propetlants do not 
use dinitrotoluene. Ethylene dimethacrylate and methyl 
centrallte are among the replacement maleriate which 
produce much lower flame temperatures. IMR is con- 
sidered a single-base propellant even though the for- 
mulatton oonlalna a amal amount of nitroglycerin. 

b. Thedouble-baeegunpropellanlsshownlntable 

9-2 are M2 M5 M8 and M18. In these formulations the 
nitrocellulose is gelatinized by n'troqiycerin The pre- 
sence of an active gelatinizer maKes double-base pro- 
pellents more energetic than single-beae propel arrts. 
The ballistic potential is increased corrnspondingly. The 
flame temperature and resulting barrel erosion is ai80 
increased. Othef aliphatic nNrale esters are also used to 
gelatinize the nitrocellulose DEGN is the most widely 
used gelatinizer but DEGN has the undesirable property 
of being more volatile than nitroglycerin and so, maizes 
the prepeilants less stable. 

c. The triple-base gun propeilants contain mtro 
guanidine as additional energizer which increases the 
energy content of the formulation without raising the 
name temperature. This reduces gun barrel erosion wNh 
no sacrifice in performance in addition, the triple-base 
propeilants have a substantially reduced concentration 
of oombueHblm such as hydrogen and carbon 
monoxide in the product gas. This reduces the flaah 
from the gun banei. 



d. Composite propeilants^ used in aoid fuel 
rockets, contain a polymer binder* a tUal, and an 

oxidizer. 

9-3. Thermochemistry. Thermochemicai proper- 
ties are prime considerations m formulating a propellant 
for a specific applicaiion. The thermoctiemical prepef- 
ties include the flame temperatu'-e of the gases pro- 
duced by the propellant under certain standard condi- 
Hons. their average molecutar weight, and covolume. 
The commonly used equation of state used with the 
combustion products of gun propeilants (for gun appli- 
cations) is: 

where P is the pressure, t/ is ttie volume. i> to the 

covolume, n is the number of moles of the gas per unit 
mass, R is the universal gas constant and 7" is the 
temperature. The ideal gas equation ot state is obtained 
in (he case Where 6 equate zero. The oovohime ia a 
correction factor to take into account the extremely high 
pressures, 137,900 to 482,650 kilopascals (20,000 to 
70.000 pounds per square inch), that exist In a gun 
barrel. Physk:ally, the covolume is defined as the vol- 
ume actually occupied by tf>e gas molecules. Labora- 
tories dealing with propeilants have a variety of methods 
avaiiabto. Including computer programs, that are used 
routinely 'o estimate the thermochemical properties of 
propeilants from t>asic (domical data. The simplest of 
tfiese ie tlie HirschfsldBr-Shefman c a icuiation In which 
the adiabatic, isochork: flame temperature Tv, heat of 
exptosion 0, moles of gas per gram n, impetus (tores) 
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f-nRT',^ ratio of specific hea's, and covolume are cal- 
cutated. An equilibrium computer program called the 
I BLAKE code, formulaied on the basis of a vMalooeW- 
dent equation of state, has been devised for gun use. 
The usual input required tor equi'ibrium propcllant per- 
formance calculations consists ot tne cfiemical com- 
poaMfon. ttie heat of formalion (Hf at 29e^. and the 
elemental formula of each ingredient. Several extensive 
compilations of heat of formation data are available.. 
Several technk^ues are available foe estimating tfie fieat 
of formation of compounds t>y addttion Of bond energies 
and/or group con'ribution where experimental data are 
ladfing. A computer program has t)een developed for 
estimatfon of chemical themradynamic data called 
"Chetah (chemical, thermodynamic, and hazard 
appraisal). The estimated values obtained t>y these 
melliods ana usually for compounds in the ideal gase- 
ous state. Therefore, the heat of vaporization and. 
sometimes, the heat of fusion must be taken into 
aci;x>unt to otitajn the heal ot formation of the compound 
in 118 normal state at 2am. Experience indicates that 
the results of propeilant performance calculations are 
not extrenteiy sensitive to errors in ttie heat of formation 
of the ingredients. Recently, methods have been 
dawsloped for calculating certain transport properties 
(for example, the thermal conductivity and viscosity) of 
the combustion product gases under specific conditions 
of twnperaluro and pressure. 

9-4. Physical Properties. Gun propellants must 
function rtf latriy over a large ambient tsmperature range 
(for example. - 54° to + 74''C) and they must retain their 
performance characteristics during many years of stor- 
age. The propellent grains must retain their integrity in 
tfi0 face of a severe blast from the ignilion system. This 
quality must be de-nonstrated particularly at low tem- 
peratures where the propellants tend to t>e brittle. The 
propellent grains must not soften excessively at high 
tenr>perature because ttien they can be deformed by the 
ignition pulse. If this occurs, the prooe'lant bed might be 
compressed so tightly that the ignition gases might not 
p«rcolale sattsfadorily through the bed. A number of 
physical properties of p'opellants are occasionally of 
interest to the ammunition designer. Among these 
properties are thermal expansion, thermal conductivity, 
SpecMc heat, and thermal diffusivity. Thie following 
properties are of direct interest to the charge designer: 

a. Density. Conventional single- and double- 
base propellants have values of approximately 1 .60 
grams per cubic centimeter, while triple-base (nitro- 
guanidine) propellants are slightly higher. This is 
advantageous for \ank ammunition where the maximum 
amount of propellant charge is requirsd to mset the 
desired ballistic levels. 



b. Bulk Density This often is referred to by such 
terms as gravimetric density" and screen loading 
density" depending on the test uHHzed. The values 
reported are empirical and are greatly dependent on the 
specific gravity of the propellant, the qrain qcometry, 
surface characteristics, and ttie measuring teclinique. 
The isim ''buHc density'' olton is confused with kMding 

density a term that the t>aiiistictan uses for the ratio of 
the charge weight in a system to the chamber volume. 

c. Comprassibiltty of Grains. This is a measure 
of how much a propellant gram can be compf es aed 
before cracks appear The usual required minimum 
value for gun propellants at 23*0 is 30 percent. That 
value is based on hislorfcal experience. 

9-5. Manufacture. The manufacturing methods for 
various types of propellanis ara given below. 

a. Sfrigte-fiaseAopefllififs. Themanutadureof 

nitrocellulose is discussed in chapter 8 Wet nttrocei 
iulose from the manufacturing process is dehydrated 
alter the moisture content has been rsduced to 
approximately 28 percent by wringing. Dehydration te 
accomplished by pressing the nitrocellulose at low 
pressure so as to squeeze out some water, adding 95 
percent etttenol, and preesing at about 24,133 kllopas- 
cals f 3 500 pounds per square inch). A block containing 
1 1 .4 kilograms (25 pounds) of dry nitrocellulose and 
about one4hlrd that much of 90 percent ethnwils 
oMakied. The wet blodt is brol<en up into small lumpsby 
means of a rotating drum containing iron prongs and a 
screen. The nitrocellulose is transferred to a water* 
cooled mixing machine of the dough-mixer type and, 

while this is in operation ether equal to approximately 

two-thirds of the weight ot dry nitrocellulose is added. 
Any plastteizing agento and sMbMzers to tte included in 

the composition are dissolved in or mixed with the ether 
prior to addition to the nitrocellulose. After addition of the 
ether is complete, materials such as potassium nitrate 
are added. Mixing of the fngredlenis is continued for 
about one hour. A partially colloided mixture which 
resembles dry oatmeal is produced. By pressing this at 
approximately 20.685 idlopascals (3,000 pounds per 
square inch) so as to form a blod<, the degree of ool* 
lotding is increased rapidly. This effect is further 
irxireased and uniformity of the mixture is improved by 
subfecHng it to a pressure of about 24.133 Idlopaacals 
(3,500 pounds per square inch) in a macaroni press. 
Here the material is squeezed through a series of 
a c roons and perforated plates and emerges in a form 
resembling that of macaroni. This is pressed again to 
form a blocit of well colloided material This is placed ina 
graining press and extruded through a carefully 
dseigned dte by the appKcation of prsssura. Hie mate> 
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rial emsigM M • oord «iMh one or rnofo eyindrfcil 

perforations The cord is Ctil into pieces of predeter- 
mined length. Removal of the volatile solvent, with 
ahfinkaQO of ifie QralM to ihoir final dbTMfiaioiiB« la 
AQOOmpiished by three operations. In the solvent recov- 
ery operation. th« ponder is placed in a large tank and 
warm air or other gas is passed through the mass. With 
careful oonlid. 80 M to preveni tuftaoa hardening, file 
temperature of the air is gradually increased to not more 
than 65° C. The solvent recovery operation requires from 
2 to 14 days, depending upon the size of the grain, and 
reduces the solvent content to approximately six per- 
cent The water dry operation consists of placing the 
partially dried powder in water at about 25'C and gradu- 
ally Increasing the tempereture to e mnimum of 55*C. 
After a number of days, the residual solvent is reduced 
to 0.3 to 5 percent, depending upon the grain size. The 
powder now is air dried to remove surface motetureand 
ecreened to remove dust and grain clusters. The finel 
operation before packing is to blend aM the powder in a 
lot, which may vary from 22.700 to 227,000 Kilograms 
deipending on the type of powder. Thle ia eecompiahed 
t)y transferring the powder from one conical bin to 
another by gravity flow. This blending improves urufor- 
mity of the lot with respect to composition and external 
moisture oonHent. 

b. Double-Base Propellants. Double-base 
propellants are manufactured by two methods The sol- 
vent process is similar to that used (or single-base pow- 
dera exeept that a mMuieof eltianol and eceione ie 
used as the solvent and the solvent recovery procedure 
is omitted because of the hazard involved in recovering 
soh/enie oonlaining nitroglycerin. The aolvende M pnh 
cess is used when the nitroglycerin and any other co*- 
loiding agents constitute approximately 40 percent of 
the composition. In this process the wet nitrocelluiose is 
Mended with the nitreglycerin in a tei* inad Mrilh weler. 
Ethyl centraiite is mixed in and the bulk of the excess 
water is removed by centrifuging. The resulting paste is 
put in cotton bags and subjecM to healed air curveme 
to reduce the moisture content. The remaining con- 
stituents are then blended with the partly dried paste. 
Repeated rolling between heated steel rollers removes 
the rest of ihe water and oompleMa eoMoidino of Vie 
nitrocellulose. Theth ckness of the sheet formed is con- 
trolled carefully and vanes with use. If the sheet is to be 
cut into flakes for use in small arms or mortars, the 



IMcknese Is fae hwe n OM and 0.32 mMmetsr (0.009 

and 0 01 25 inch). Sheets to be ertruded in the form of 
large grains for use in rockets may be as thick as 3.18 | 
mMmelers (0.125 inch). 

c. Triple-Base Propellants. The manufacturing 
process used for the nitroguanidine triple-t>ase pro- 
pellants in ttie United States has been uniformly soh/ent 
extrusion. The airwunt of solvent used is quite tow so the 
propeHam is very soft during exlrasion. ThesofI strands 
may require partial drying before cutting in order not to 
deform the cross section at the cut. Removal of solvent 
from the triple-base propeflant is rapid, possibly due to 
diffusion of solvent within ttie grain along the oiyalal' 
plastic interfaces In order to make a good quality grain, 
lower drying temperature gradients are used in order to 
avoid steep solvent gradients raaulting In dtoMNtion and 
craddnQ. 

d Composite Propellants A composite propel* 
lent is manufactured by a simple mixing operation, 
cured, and molded into grains or poured diredty into the 
rocket case and cured by heating in controlled ovens 
Operational temperatures extend from -40" to +60"C. 
The high solid content requires great resin strength and 
Ooad elastic properties to wHIisland low tempersiufea. 
Precise control of the oxidizer particle size is needed to 
control ballistic properties. Rockets up to 6 6 meters in 
diameter and we^hing up to 45.400 kilograms have 
been firad successfully. The dsnae smoke produced liy 
these propellants limits their use to long rang© systems 
where the signature of tf>e rocket does not easily reveal 
the flbing point. 

e. M Propellants. BaHpropelants are used for 

small arms The nitrocellulose used to make the pro- 
pellent is extracted from waste single4)ase propedant. 
To produce the prepelant in twyHonw. e w t e r -wetmtfO' 
celluk)se is mixed with ethyl acetate. coHokled with ani- 
mal glue, and agitated: excess water causes the pro- 
pellant to precipitate in a t>al1. The animal glue is washed 
away using hot water. The propeHanttescrsened to size 
and nitroglycerin is added in the presence of ethyl ace- 
tate. The nitrogfycerin is ab8ort>ed by the ball propellant, 
the ethyl aoetate is driven off. and the ball is canted to a 
roM mW tocause cracks, that serve as combustion sites, 
to form in the ball The propellant is then drted and a 
deterrent coating such as dibutylphthalate is added. The 
deterrent reduces the bum rate of the propellant to | 
an acceptable level. 
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Prop«llant Grain Geometry. The burning lime 
ot a propellant charge depends on two factors. One 
lim te 111* vieloGity ttwMch the amthermie d«oompo> 
sitton reaction occurs. This is called burning rate. Th* 
other factor is the total surface area of propettant 
exposed. Inordertoeonlrollhemiffaoii 
for reaction, propelling charges consist of i 
oropellant grains Propellant grains can have a variety Of 
snapes as shown in figure 9-1. An additional grain 
geomaliy. Ihe Mto, is otao used in mortara. The Shape 
of the grain determines how much surface area Is 
exposed as burning proceeds. For example, as a cord 
bums, the surface area of expoaed propellant 
decreases. This is caikad a degressive grain. As aaingle 
perforated grain burns, the exposed surface area 
remains nearly constant because the outer surface area 
dscreaaes as the Inner surface area fncrsasee. This Is 
caffed a neutral grain. In a progressive grain, for exam- 
pie the multi-perforated and rosette, the surface area 
inoreaeee during iHjming. The grain geometry and 
burning rate are interrelated. The burning time of a 
propelling charge that contains a propellant with a high 
burning rate and strongly digressive grain geometry 
could be equal to the burning Hme of a chaige that 
contains a propellant with a low burning rate and 
Strongly progressive grain geometry. European nations 
have favored the use of single perforation, strip, and 
cord propeNants. The United States uses single perfo- 
ration and multi-perforation propellents. The single 
perforation grains may be slotted or unslotted. The 
stoned grain has the desirable charaderMic of venting 
gas during combustion. All countries use ball propel- 
lents (or smaM arms. In a multi-perforation or rosette 
grain that oonsMe of a propelling compound with a 



specific linear burning rate, the burn tirne can be varied 
by varying the web thickness. The web thici^ness, 
Shown in figure 9-2, Is the average dimension of the 

outer web and inner web. !n general, the finer the web 
the shorter is the burning time o( the propellant charge. 
The grain dimensions also toiftuence the Ixjming time. 
The finer the web the higher the pressure produced. A 
cannon is designed to operate with a maximum pres- 
sure. This pressure must be taken into account when 
designing the grain «veb. The same praJacMe velocity 

can be attained with a smaller amount of propellant with 
fine web and with a larger amount of propellant with a 
ooerse web. However, ttw pressure wNh the Ibrmer is 
considerably greater than the latter. In general, the 
heavier the projectile or the greater the prescribed 
velocity, the larger the powder grain and web used. As 
shown In figure 9-2, the burning of a seven perforation 

grain produces 1? unburned slivers or pieces Of trian- 
gular cross section that represent approximately 15 
percent of the total weight of the grain. These Slivers 
bum digressively and usually are burned in the bora of 
the weapon: but if the tube is relatively short or a 
reduced charge of propellant is fired, Incompletely 
burned sllvefs may be eMpefled from the muzzle. The 
rosette or Walsh grain (figure 9-1) with a scalloped outer 
periphery, reduces the number of slivers produced by a 
muW-perl b raB o n grrin and therefore reduces or elfml* 
nates the amount of unburned powder ejected In prac- 
tice, there are certain general relationships t>etween the 
dimensions of powder grams. These dimensions must 
remain wNNn falrty nanow limits. SpedflcaUon require* 
ments for cannon powdsre indudo the roUdve dbnsn- 
sions whKih toliow. 
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a. The ratio of average gram length (L) to average 
grain diameter (0) is 2.10 to 2.50 for multi-perforation 
gvains and 3 to 6 tor tingle pertoralion grains. 

b. The ratio of average grain diameter (D) to the 
average diameter of perforations (d) is 5 to 1 5 for multi- 
perforation grains and approximately three for single 
pertoralion graina. 

c. The difference between the average outer web 
thickness (Wo) and the average inner web thickness 
(Wi) of multi-perforation powder is not more than 15 
percent of the average vveb thickneaa (Wa). 

9-7, Burning Rates. Ballisticians view the propel- 
lent grains as burning in paraliei layers, where the bum* 

Ing proceeds in a direction perpendicular to the surface 
This universally accepted concept is known as Piobert s 
law and is supported by the experience of many inves- 
tigators drawing fheir conclusions from many different 
approaches. The linear burning rate vs pressure 
behavior of a gun propellant (the rate at which burning 
proceeds normai to the surface) isacharadedalte of the 
composition and is a required input for most Intarior 
ballistics calculations. 

a. The burning rate is independent of gram 
geomauy. Resuits of the two teste usually used to de- 
termine bbrntng rates (the strand burr>er and closed 
bomb) are the same for cord, single perforation, and 
seven pertoraliongraina. The etosed bomb isuaed most 



commonly to determine relative force {HF) and relative 
quickness {RQ) of gun propellants. in this determina- 
tion, a tast propellant is fired in a closed bomb and the 
results are compared with those obtained with a refer- 
ence propellant fired under identical conditions. RF is 
defined as 

— _ PiTMx test propellant 
nr - -m 



reference propellant 



RQ is defined as 

dPidt test propellant 
dPfdt reference propeiiant 

where dPkH is the rate of change of pressure with time. 

b. Burning rate vs prsssure data commonly are 
fitted to an equation of the form 

r=bP" 

known as de Saint Roberfs equation. Plots of the log of 
the burning rate vs the log of the pressure of many 
propelants yield straight Nnes. Under that c o ndition, b 
andn areconstants. Table 9- 3 gives values oib and n 
for several of the standard propellants. Using the values 
Specified, the burning rate equation yields r in inches per 
second when P is in pounds per square inch. 
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raM» Bumhg Rtto Parameters for Several Standard Gun PropeUanta 



PropeRant 


Ml 


M2 


M6 


M10 




b 


0.002143 


0 002432 


0,002989 


0.004004 


0.00576 


n 


0.710 


0.755 


0.702 


0.695 


0.652 



c The burning rate of gun propellants generally 
inaeases with initial propellant temperature. The tem- 
perature coefficient of the burning rate is defined as the 
ratio of ttw chanoo m burning rate and (he change in 

temperature at constant pre^ssurn. Typical valuos for the 
temperature coetticient are 0.077 percent per degree 
ceniigrade an 206.850 fcilopMcals (30,000 pounds por 
square r c h; for MiQand0.05p6rc6ntforM30und6rllie 

same conditions. 

d. The burning rate of conventional propellants 
incfeases v»Nh increasing flame temperature. Several 

empirical correlations have been developed which pro- 
vide a means for estimating burning rates of different 
propeilant tormulations trom the aOiaOatic tiame tem- 
pecalufe. 

e. Propelants used in small arms usually have a 
deterrent impregnated into their surface which alters the 
chemical composition of tlie outer portion of the grains 
to slow llie inMal burning rale. Commonly used dele^ 
rents include dinitrotofuene and ethyl centralite. The 
deterrent has a moistureproofing effect and usualfy a 
melting point of less lhan 1 00*C. Aooating of deterrent Is 
applied by tumbling the propellant powder in a "swee Ue" 
tiarrel in a water slurry with the deterrent at a tempera* 
ture above the melting point of the deten-ent. 

f . The burning rate of solid propeNants Increases 
with increasing product gas velocity near the surface. 

This phenomenon Is referred to as erosive burntng The 
extent of erosive burning depends on gram geometry 
and oompoeitlon. Relatively "hoT propell«ils are 
apparently less subject to erosive burning than a'o 
"cool" ones. The inner surface of long tubes does not, 
apparently, burn in an even, uniform manner. The holes 
increase in size faster at the ends. Slotted tubes bum 
closely in conformance to Piobert s law. 

g. The actual bummq rate of solid propellants also 
deviates from the steady- statB or expected value under 
rapid prsssurs excursions. That is, the instantaneous 

burnrnq rate then will differ significait'y from that 
expected for the corresponding instantaneous pres- 
sure. TNs phenomenon, caMed dynamic burning, has 
not been studied enough to prseent corrections to the 
tHirning rate equation. 



9-8. Ignltabllity. Ignition of a propellant charge is 
accomplished by raising the temperature of the propel- 
lent surface to the ignition temperature. The simultane- 
ous Ignition of all the exposed surfaces is desirat)to for 
many gun applications. Black powder is used exten- 
sively for artillery and rocket propelling charge ignition. 
Black powder is a more effident ignitor than finely 
divided propellant, which is used \n mortars, because it 
does not produce as much gas per unit weight as pro- 
pellant, its use reduces ignition shock, it yields high 
initial pressures, and ttte hot particles in its rambustlon 
products assist in tnuisfsrring heat to the propellant 
surface. 

a. An increase in the nitrogen content of the nitro- 
cellulose causes slight incrsase In IgnHabHty. 

b. The subsMlution of nitrog^foerin for part of the 
nitrocellulose in a composition increases ignitabilHy to a 

marited extent. 

c. The inclusion of an inert, gelatinizing agent, 
such as dtoutylphthalate or triaoetin, in a propelant 

composition results in a decrease in ignitabtlity. 

d. The Inclusion of TNT or dinitrotoluene in a com- 
position causes measureable decrease in ignitability. 

e. Tfie Inclusion of Ave percent or less of potae- 
slum nitrate in a composition causes a significant 
increase in ignitability 

f. The presence of a deterrent on a propellant 
causes retardation of ignition. 

g. As the initial tsmpecaluni of the propellant 
dec r eases, the Ignilabillty decreases. 

9^. Charge Oeeign Conelderatlona. The seleo> 

tion of a propellent for a particular application is deter- 
mined bv cost by the interior ballistics requirements, by 
propellant/weapon interface considerations, and by 
limitallonswith rsspscttomuzzleefleeto. The propellant 
with the lowest cost formulation and the lowest flame 
temperature that still will meet the velocity and pressure 
requirements is generally used. Other important con- 
sideralions are the effects on baWs t ic performance of 
various prapeMant grain shapes and the problem of 
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matching the gas production rate from propellant burn- 
ing to the rate of increase of volume m the gun behind 
•le aoMltraUng projecAHe. The sDape of the gr«in aHo 
affects the amount that can be loaded in a given space 
arxJ can control the generation of pressure waves in 
large caliber guns. The Charge weight eonMHfnM to 
reaWcM in large caliber guns by the monwntum limit. 
Tfie gas expelled from the muzzle adds to the total 
fonvard momentum. The propellent charge plays a 
rate m gun taulng and aroaion. Thto field to 
receiving considerable attention at this ttme and In 
recent years, erosion often has been reduced dramal- 
icaly by means of wear-reducing nwterfals that are 
added 10 thapropeflant composition or to the charge as 
cartridge case liners. Efforts usually are made to 
minimize muzzle flash and smoke. Muzzle flash and 
smolw are ratalad In a aenaa and have bean liwatff- 
gated extensively. Two components contribute to muz- 
zle flash; the primary flash and the secondary flash. The 
primary flash is caused by inoandaaeani liot gaaaa 
emerging from the muzzle or heated to incandescence 
by the shock following the projectile out of the gun. The 
secondary tiash is caused by the burning of combustibto 
miiz2lagaa whan mixad with air and heated to ignition 
by the shock wave. IgniHon of the gas cloud is also 
caused by the early, bright burning of tracers. This ia a 
voluminous, relatively long Nved avant and to far mora 
ObjacUonaMa Oian lha primary flash. In small caliber 
weapons, secondary muzzle flash is suppressed effec- 
tively in many weapons by means of meciianical 
davieas atlachad to tha mmzta. Vaifoua chemical addi- 
tives, especially alkali metal safts, are very effective and 
widely used to suppress secondary flash . The salts may 
be incorporatod Into the compoaWon s . or Hiey may ba 
loaded as separate components in the charge Second- 
ary flash is also reduced by reduction of the propellent 
composition flame temperature and by reduction of dia 
proportion of combualibla gases produced by ttw pro- 

pellant. Gun smoke is due to particulate, usually 
inorganic, matenal emerging from the gun behind the 
projectite. Prtmar and IgnHar oombuatlon products, borw 
scrapings, and solid combustion products from the 
propellants are the major constituents of gun smoi^e. 
The vistbiliiy of the smoke or smoke density to dua 
largely to the products from the aRtaN maiai salt lath 
suppressant. These constituents also are responsible 
for the substantial increase of smoke density under 
humid conditions. 

19 10 Ballistic Effects. The study of the combustion 
of a propeliant m a confined volume, and the re- 
sultant rate of gas generation combined with its 



effect on the acceleration of a projectile, is called I 
interior ballistics. Figure 9-3 shovus a repcesarttativ* ■ 

pressure travel curve for a projectile n a gun. The 
further the pomtof maximum pressure (points A, B, 
and C) is from the powder cliamber, the greater tha 
velocity acquirad by tha projectile. TNs is the 
reason the United States favors the use of multi- 
perforated grains 

a There are four generrt oquaMona which form tha 
basis of interiof ballistics 

(1 } The burning rate equauon ts the first of lha 
tour. TMa aquitfon has *a«dy baan dtoeuaaad 

(2) Tha aquadon Of the form takes into account 
the propellant grain geometry. The wab (racHon. Hft, !• 
defined by the equatk>n: 

whara r tolhabuminofale, A to the burning rate conver- 
sion factor, and Wo is the original web thic*<ness The 
factor of two is present siftce the web ts being bumed 
liom two opposHo surfaoss and A to Included to com- 

panaala for burning rate peculiarities The amount of 
gas generated can be found as a function ol kVr t}y the 
foltowing two equations: 

•$«f(IM)-ICe-i-irilM-i-KiM^-KsllV? If IV» & 0 
G 

C 

wheia O to tha maas of gas genanlad. C is the original 

charge mass, Kc-Ki and K'l-ACiare coefficients deter- 
mined by the grains geometry and Wt is the traction of 
w«b remaining, lha first aqualton to amployad during 
non-splintered burning (VVraO) and the second is used 
after grain splintering has occuned (WisO). SItvering to 
typical of nujtti-perforation grain typaa. In thasa grain 
types tfwrs to residual propellant whan the web fraction 
is burned to 2ero, This remaining propeltant is then 
bumed as stivers. In simulations containing more ttian 
ona grain type, aach granutaMon to handtod asparaialy. 
Tha lotdi gas ganaralad to aimpiy their sum. 

(3) Aspropellantsburn the total energy avafla- 
bto from a unit mass ot propellent can be computed by 
giaaquaiion: 




wheraftoOia energy Ilbaratod,G totharalioolspaclte 
heals of the propeOanl gat. F to the propeHant Impetus 
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Figure 9-3. Pressure travel curves for a projectile in a gun. 
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(the amount of eneigy per unit fnass). In cases where 

more than one grain type or more than one propellant 
type are used the energy generated by each distinct 
granulation-propellant combination is calculated sepa- 
rately and summed to compute the tolM energy 

rpleased. The energy released by the burning propel- 
lants is dissipated in several ways. The potential energy 
of the confined gas Is increased (PV energy). Energy to 
spent accelerating the projectile and the gas itself 
(kinetic energy) Energy is lost through thermal and 
frictionai processes which results m an increase of the 
gas toinparatura. Tfta energy balance aquation is 

-(O.SMa«Vn(1+») 

where Pf is the potential energy of the confined gas. F 
is the total energy released dy the propellants, Mttt is the 
effective mass of tha prolacaia and gasas. Sir is the 
energy loss coefficient V is the velocity of the projectile, 
and -y is the specific heat ratio of the propeliant gas. 
The aliscliva mass wad In ttils calculation is given by 
the aquation: 

MtK =Wi.CF3.Mp 

where Wis a correction for projectile twisting, CF3 is a 
Piddock-Kent coefficient, and Alp is the projectile mass. 
The factor is Included since the projeclila Is unds^ 
going rotational acceleratk>n in addition to linear a^ef- 
eration w> is normally set at 1.02 wtiich provides an 
excellent approximation. 

(4) Projectile motion is determined by the 
appleation of Newton's third law 




where a is the projectiie s acceleration, Pb is tf>e tiase 
pressure. A is the bore cross seelionaf area, and Mp is 

the projectile's mass. The velocity and posrtk)n may t>e 
ot>tained tr/ integrating this expression one and two 
times, respectively with respect to time. 

b. Several computer programs are usadto perform 

interior ballistic calculations. One such program is the 
Interior Ballistic Interactive Simulation (IBIS) code. IBIS 
computes propellant charge weight, web dimensions, 
arxl grain dimensions from the pressure parameters of 
the cannon projectile weight, muzzle velocity, bore 
cross sectional area, force of the propeliant. and burning 
rata of the propalant 



^11. CensUhfHy. The coMoidal structure of propel- 
lants reduces sensitivity to a point well below that of the 

individual ingredients, nitroglycerin and'or nitrocel- 
lulose. From a practk^al standpoint, the hazards asso- 
datad ¥»lth apropaHant are mainly heat, spartt, and vary 
high energy impact. 

a. To a great extent, the degree of confinenr»ent 
determines whether a propellant will detiagrate or deto- 
nate. Expailmants tiave stiown that ttw confinement 

afforded by the upper part of a column of propellant may 
be sufficient to cause explosion if the powder at the 
bottom of the pile is ignited. Various powder composl- 
tk)ns were found to have correspondingly varying critical 
heights of column, the critical height varying inversely 
with the energy content of the composition. For the 
same oompoaition, tfw criticallialght was found lo vary 
directly with tl>e average web of the powder If the tem- 
perature of the powder is 50'C instead of 20°C, the 
critical height of a composition is only 30 to 50 percent 
as much as at the k>wer temperature. Propellants for 
small arms chiefly nitrocellulose, were found to have 
critical height values of 38.1 to 50.8 <^ntin>eters. Single 
t)ased car¥ion powdare of laigor grain aizaa and oon* 
taining moderants havs critical height values of 76.2 
centimeters or more. Propellents can be detonated lay 
initiating compounds or booster explosives. 

b. Propellants are sensitive to electric sparlcs only 

if tf>e material is in the form of a du si Some test results 
indicate the powder dust is much more ignitable by a 
static electricity spark than is nitrocellulose. Dry-house 
and blending-tower fires have occurred that were attrib- 
uted to the primary' ignition of powder dust by static 
electricity sparks. Atmosphenc relative hunnidity above 
eo percent prevents such sparic dtechargas and igni- 
tions The humiditymustbemaasuredwharethaopara- 
tinn is going on. 

c. Propellants can be ignited by the friction and 
impact of small wms bidlals. Detonafton or dettagraiien 

occurs according to confir>ement. Recently a great deal 
of attent'on has been placed on very high kinetic energy 
impacts such as the impact ot a shaped ciiarge jet spall. 
These conosma are obviously from the atandipoint of 
practical appKcaHon. 

9-12. Stability. The stability of nNrocelluloae, which 

was discussed in Chapter 8, is relatively poor. The sta- 
bility ot nitrocellulose based propellants is correspond- 
ingly f>oor. The degradation of nitrocellulose proceeds 

by two chemical reactions. In the first dagradalion raao- 
tton. nitrooeikjlose loses nitrogen oxides. The loss of 
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iw m i w i oracm w vi nnnraic ranoBncy or vw nwro oo i' 

lufose molocule The reaction rate varies wfth the t6lfl- 
perature, but even at low temperatures the loes of nitro- 
QMioxidM occurs, biflw second degradation rwdlon, 
which occurs initially as a result of the first, the nitroQen 
oxides that are formed attack the nitrocellulose 
molecule. The reaction tietween ttte nitrocellulose and 
nNroQen oMh lSB preducos mors nNreoon ow Moo . The 
increased number of nttrogen oxides and increased 
temperature cause the reaction rate to acoellerote. After 
■tow yoofs the leocHonnrtslnssniples of sufficient size 
is so fast that the propellent self-heats above the flame 
point and will self-ignite. Nothing can be done to stop the 
first degradation reaction. The second degradation 
feecMon isoonttolledbytwoiiieens.Theti8elof fesclion 
is dissipated by a suitable heat sink, for example the 
metal case of a cartridge is an excellent thermal con- 
ductor, 'nils does not solve the problem totally, how^ 
ever, if the diameter of the cartridge cose exceeds 3 
inches The second and most effective, means of con- 
trolling the degradation reaction is to include a chemical 
SUMUzBT In the propeMont oompoeMon. A staisillzer hes 
a greater affinity for the nitrogen oxides than nitrocel- 
lulose, and 80 alMorbs them before they can attaci^ the 
nitreoellijlose molecule. This fsduoes the rate o( pfo* 
pellant decomposition to about that of the fimt degrada- 
tion reaction. However, the stabilizer is consumed as it 
absortis nitrogen oxides. Therefore the increase in time 
the propelanl wM remain stable is directly proportional 
to the amount of stabilizer added Some propellents can 
t>e stabilized in ttiis manner for 30 or 40 years. Thrse 
stsbWzscs are of Interest fof mIRtary applicalione in the 
United States; dipheoylarTiine (DPA), ethyl centralite 
(EC), andtheakardites(AK) DPA is used in single-base 
propeilants but is incompatible with nitroglycenn and so 
CMiol be used in doutile-kwse and triple^base compo- 
sitions EC or 2-NDPA is used for double- and tripto- 
tMoe propeilants which use nitroglycenn as the 
gelaiinizing agent Ibr the nlraoslluloseL AMIIbs are 
used in prapsienisihat contain i3EGN ralhertfien nlUo- 
glyoerin. 

a Diphcny'amine, (C€H5)2NH, is an ammonia 
derivative in which two of the hydrogens have been 
rsplaoed t)y phenyl groups. Each phenyl ring has three 
hydrogens ^h\ch can be replaced with nitro groups. 
Therefore. DPA can be nitrated to the hexanitrate by 
absorbing the nitrogen oxides produced during the 
deoomporitlon of nUrooelluloee. DPA Is nitrated rela- 
tively easily and the reaction is not exothermic . During 
the decomposition of nitrocellulose, OPA nitrates to the 
following compounds in succession. 



N-nKrosodlphenylamine 

2- nitrodiphenylamine 

4- nitrodiphenylamine 

N-nltroso-2-nitrodiphenylamine 

N-nnroso-4-nltrodMionylsmine 

4,4*. 2,4', ? ? and 2,4-dlnitrodiphenylamlnes 

N-nitro80-4, 4 -dinitrodiphenylamine 

N-nltroso-2, 4'-dinltrodiphenylamine 

2. 4, 4' and 2, 2', 4-trinitrodiphenylamine8 

2,2', 4.4'-tetranitrodiphenylamine 

2.2 . 4.4', 6-pentanitrodiphenylamine 

HsKanitrod^>hsnylamine 

The propeilant does not start to t>ecome unstabie until 
moot of the diphenylsn^ne has been converted to heNS- 

nitrodiphenylamines. A very accurate test to measure 
the remaining safe storage life in a propeilant lot is to 
analyze the distnbution proiiie oi the nitro DP As. Only 
about one peicant OPA can be added to apropelant 
because its nitrated products change the balMstie 
properties. 

b. Centralite I (which is also called ethyl centralite 
or symmetiicai dIelhyldiphenylurBft). OC[N-(CtH»} 
(C«l^5ll. '.vas developed in Germany for use m double 
base propeilants. The compound acts as a stabilizer, 
gelatinizer. and waterprooimg agent. Unlike 
diphenylamine. centralite can be used in reiolively large 
proportfonR and some propeilant compositions contain 
as much as eight percent of this material. Like 
diphenylemlne, centraIHe is nitrated by the products of 
nitrocellulose decomposition. The following compou nds 
are formed successively, as many as four being present 
multaneously, as detarforatton of the powder pro- 



4-nitrocentralite 
4,4* dinitrooenlrallte 
N-nitroso-N-ethylaniline 
N-nitro80-N-ethyi-4-nitraniline 
2,4. dMtro-M-ethyl-anlline 

Centralite 11 (which is also called methyl centralite or 
symn>etncal dimethyl diphenylurea), 0C[N(CH3) 
(CbHs) ]>. also has been ussd as a Stabilizer but is not 
considered to be as effective as the ettiyl analooua- 

c. Three akardites, or acardites, are used to 
statMlize propeHants. Their structure is shown in ttgure 
9-4. AkardHe II Is often used in OEGN ooniaining pro- 
peilants. 



9-11 

Digitized by Google 



TM 9-1300-214 



^4*(CiHrtf ^NiOHth ^^(C*H|)i 

ocC^ ocC^ ocQ 



AKAROITE I AKAROITE II AKAROITE III 



HgufB fM. Akardifa. 
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CHAPTER 10 
UNITED STATES PYROTECHNICS 



Mkl. CMtgorlM of Pyrotechnic D«vlc«8. 

a. General All pyrotechnic compositions contain 
oxidizers and fuels. Additk>nal ingredients present in 
most compooiliorw include binding agents, retardams, 
and waterproofing agents. Ingredipnt^^ such as smoke 
dyes and ootor intensifiers are present in the appropriate 
lypas of eompoalliona. 

(1) Oxidlzefs are substances In which an 

oxidizing agent is liberated at the high temperatures of 
the chemical reaction involved. Two oxidizing agents, 
oxygen and fluorine, are cun^sntiy used in pyrotechnic 
c»{nposit)or». Oxygen is provided by the nitrates of 
barium, strontium, sodium, and potassium, the perchlo- 
rates of ammonium and potassium, or the peroxides of 
barium), strontium, and lead. Use of a specific <»(idant is 
determined by the desired burnir>g rate, luminosity, and 
color. Fluorine is usually provided by polytetra- 
fiboroethylene or chlorotrifluoroethylene. Pyrotechnic 
eompositions do not usually contain a stoichiometric 
proportion of oxidizer, the balance of the requirement for 
fuel oxidation is provided by atmospheric oxygen. 

(2) Fuels irKlude finely powdered aluminum, 
maoneaium. metal hydrides, red phosphorus, sulfur, 
charcoal, boron silicon and silicides. The most fre- 
quently used are powdered aluminum and magnesium. 
Additional materials such as binding agents, water- 
proofing agents, and color inlansifiars also act as fuels. 

(3) Binding agents include resins, waxes, plas- 
tics, and oils. These materials make the finely divided 
parHclos adharo to each ottier when oompressad Into 
pyrotechnic Itama. They also prevent segregation and 
ensure a more uniformly blended composition. Binders 
also help to obtain maximum density and increased 
burrtng ofliclaricy. In addition, they serve, in some 
cases, to reduce the sensitivity of compositions that 
otherwise would be unduly sensitive to shock and frio- 
Ifon. 

(4) Retardants are materials that are used to 

reduce the burning rate of the fuel-oxidizing agent mix- 
ture, with a minimum effect on the color intensity of the 
oomposHkm. Some rslardants act only as inert diluents, 
while others take part in the combustion reaction at a 
much slower rate than the metallic fuels. Calcium car* 



tx>nate, sodium oxalate, strontium resinate, titanium 
dk)xide, polyvinyl chloride, ethyl cellulose, paraffin, lin- 
seed oH. castor oM. asphaltum. and sulfur are the moat 
important retardants used. Certain of these serve other 
purposes as well. For example, sodium oxalate and 
polyvinyl chloride act also as color intansHlerB, titanium 
dioxide is a source of incandescent solid particiaaintlia 
flame produced by the composition, and the waxes and 
oils act as fuels, binding agents, and waterprooting 
agents as well as retardants. 

(5) Waterproofing agents are necessary in 

many pyrotechnic compositions because of the suscep- 
titHlity of metallic magnesium to reaction with moisture, 
the reactivity of metaMc aluminum wfth oeitain com- 
pounds in the presencf? of moisture, and the hygro- 
scopicity of nitrates and peroxides. Waterproofing 
agents are applied as a coating on metallic fuels, such 
as a coating of dried linseed oil on magnesium, or as an 
ingredient uniformly distributed throughout the rest of 
the composition. In some cases, the metallic fuel is 
given aeoating by treatment with a solutlon of acidic or 
acirti^ied potassium dichromate Waxes, resinates of 
metals, and natural and synthetic resins are used for 
distribution throughout the composition. Many of these 
aarva also as blndbig agents. 

(6) Color intensifiers are highly chlorinated 
organic compounds such as hexachloroethane (CsCk). 
hexachlorobenzene (CeCle), polyvinyl chk^ride. and 
dechlorane (CioClit). These agents are effective 
because of their decomposition during combustion and 
the formation of metallic chkHides which produce 
characteristic color bands in the flame spectrum. The 
portion of the intensifier other than chlorine acts as a 
part of the fuel in the composition. Since they are less 
reactive than metallic fuels, color intensifiers act to 
some extant aa retardants of combustion. Certain inten* 
sifiers such as polyvinyl chloride, because of their 
physical characteristics, can serve also as binding 
agents. 

(7) Smoke dyes are azo and anthraquinone 
dyes. These dyes proAMe the color In smol«ea used 
signaling, mariung. and spoiling. 
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b. Flares and Signals. 

( 1 ) The iliummation provided by a flare is pro- 
duced by boMi the ttrarmal radiation flpom the product 

oxide particles and the spectral emission from excited 
metals. The human eye is more sensitive to the fre- 
quencies produced by sodium, so sodium nitrate is usu- 
ally chosen as the oxidant The composition of iNu- 
mrnating flares falls in the ranqe of 53 to 58 percent 
magnesium, 36 to 4C percent sodium nitrate, and four to 
eight percent l>inder. Aluminum may also be used as a 
fuel. The three qualities which are useful in describing 
the performance of flares are intensity, illuminance, and 
light efficiency. The intensity (/). expressed in candelas 
is determined experimentally. The intensity of a flare is 
largely determined by the combustion temperature 
which depends on the stability of the products. 3000°K 
stiouid be exoseded to accomodate the spectral sen- 
sitivity of the human eye. Illuminance (£), expressed in 
lumens per square meter, depends on the distance of 
the flare from the features that are to be illuminated. The 
approKlmaia aquation for iiluminanca is: 

E ^lh{r' 

where^ is the height of thefiarc above the ground andf 
is the radius of illumination. Light efficiency (C), 
expressed in lumens per watt, is the light output per unit 
energy in terms of the heat of reaction of the flare mix- 
ture burning in air. The approximate equation for lighting 
efficiency as a function of time is 

wfiars 0 is the liaat of rsaetion. m is the mass of lha 
mixture, and t is the time. The volumetric eMdancy of a 
flare is the radiant energy per steradian per unit flare 
volume which is expressed in watt seconds per stera- 
dian cubteoenlimeter. AfUN dascftpUonof aflars is ghwn 
by the volumetric efficiency, burning time, and spectral 
distribution, infrared flares are used with a scanning 
device such as a low light level ialevi^on or image 
bitensifier. These flares use metals with peak spectral 
emissions in the Infrared rather than sodium. Table 1 0- 1 
lists the composition of sonf>e infrared flare mixtures as a 
function of the wave length of tha light emitted. Aspedal 
type of flare is a thermal decoy which has a strong 
infrared emission. Or>e of the reactions utilized in 
decoys is the reaction between magnesium and a 
fluorocarbon such as polytetrafluorethylene. Hot cart)on 
particles are formed which provide infrared amissions. 



Table 10-1. Infrared Flare Formulas 



Wavetength emitted in micfotwetars 



Coin|xiiwnt 


0.76 


6.W 


A.fi - M 


Silicon (%) 


10 


10 


16.3 


KNCb (%) 


70 






CsNOa (o/o) 






78.7 


RbNOa {%) 


« 


60.8 




Hexamethylene 








tetramine, {%) 


16 


232 




Epoxy resin, c) 


4 


6 


5 



(2) Signal flarss are smaller and faster burning 
than illuminating flares. Various metals are added to 
these compositions to control the color of the flame. 
Combinations ot metals may also be used to prevent 
anamy imitation of flaresaqusnoss. One mampleisthe 
rod-graen flara. The oomposHion is ghrsn in tsMa 10-2. 



Table 10-2. Red-Green Flare Sysmn, 
Pmta by Weight 



Barium nitrate 


90 


Strontium nitrate 


13 


Potassium parcbiocala 


9 


Magnesium 


30 


Dechlorane 


12 


Polyvinyl acetate resin 


4 



Tt)e color of the flare is different when viewed through a 
fmer than when viewed without a filter. UnfiHsrad, the 

green and red lights combine to form a yellow Ughtwhictl 
resembles the color of a pure yellow Hare. 
C. Colored and White Smoke 

(1) The pyrotechnic generation ot smoke IS 
almost exdusiveiy a miltafy device for ocroo n in g and 

signaling. Screening smol<es are generally white 
because black smokes are rarely sufficientfy dense. 
Signal smokes, on the other hand, are colored so as to 
assure contrast and t>e distinct in the presence of ck>uds 
and ordinary smoke. Smoke has also been found to aid 
the daytime observance of tracer projectiles and also for 
tiaelfing space vehicles during laundt. Whereas 
smokes are often characterized by the mode of their 
formation, any concentrated suspension of partides 
ranging from 0.01 to at>out 5.0 micrometers can be 
considered a smoto. These particles, when suspended 
in air, reflect, scatter and absorb radiation. The following 
are pyrotechnic methods for smoke generatk>n as 
opposed to mechanical methods such as aiomizafion of 
fog oil. of titanium tatracMorida (FM smoke), or of sulfur 
trioxide. 
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(a) Vwiluri ttiermal generator type. The 

smoke producing material and the pyrotechnic fuel 
tAock required to volatilize the smoke material are in 
MpafateoomfMulments. The smoke producing mateflal 
1$ atomized and vaporized in the venturi nozzle l>y the 
hot gases formed by tt>e tniming of the fuel block. An 
example of this type smoke generator is the oil smoke 
pot wNch is powmtf by a shwr burning, gaaay 
pyrotechnic mixture such as ammonium nitrate arrf 
ammonium diloride with a small amount of carbonace- 
ous fuel. The rmuMng gas jet puHs • sliecwn of o> from a 
reservoir and injects rt into a vwilijflwharolliefbnnanon 
of the aerosol takes place. 

(b) Burning type. Burning type smoke com- 
positions are inlimaltt mixtures of chemtoais. Smoice Is 

produced from these mixtures t>y either of two methods. 
In the first method, a product of combustion forms the 
smoke or the proouct reacts with constituents ot the 
aimoapharelofoim asmolw. In lha second mettiod, tits 

heat of combustion of the pyrotechnic serves to vol* 
atilize a component of the mixture which then con- 
denses to fomi the smoke. WhKe phosphorus, either in 
bulk or in solution, is one example of the buming type of 
smoke generator The resulting colloidal suspension of 
phosphorus pentoxide is quickly hydrolyzed by moisture 
to become phespiwricadd ctoplels which araihe actual 
visible constituent of the smoke Various other burning 
type smoke generators exist such as those used for 
irignaiing purposes and those witlch use red phos^ 
phorus, metallic phosphides, or phosphorus trichloride 
as the source of the particulate cloud. Another Important 
burning type oi smoke generator is the HC smoke mix- 
ture %irhich has been prepared with a number of combi- 
nations of zinc with a chlorine carrier to form, on com- 
bustion, zinc chloride. For example. 

2AI+CiCit+3ZnO — Al203+2C-»-3Zna> 

(c) Explosive dissemination type. The smoke 
producing material is pulverized or atomized and then 
vaporized, or a preground solid is dispersed by tt>e 
exploeton of a bursting charge. The explosive tfssemi- 
natior smcjke generator may contain metallic chlondes 
which upon dispersal, hydrolyze in air. Examples are 
titanium, silicon, and stannic tetrachloride. An effective 
smoke agent, wtiether mechanically dispersed from an 
aircraft spray tank or vaporized thermally, is a mixture of 
sulfur trioxide and chiorosultonic acid (FS smoke agent) 
which upon hydrolysis forms sulfuric and hydrochidric 
acid dispersions Of course, all such formuiat ons are 
highly corrosive, and, if not outright toxic, then condu- 
cive to pulmonary edema. The so-called standard 
smoke is a smoke of such a density that a Hght of 25 
cendeia Intensity is just Invisible when observed through 



a ii^ of approximately 30 meters. The amount of 

smoke agents required to produce one cubic meter of 
standard smoke is given in tatie 10-3. 



Table 10-3 Amount of Smoke Agent 
per Cubic Meter of Standard Smoke 



MSMlW 


Grans per 
CUtMc meter 


White phosphonw 


0.064 


Sulfur trioxide 


0.099 


FS agent 


0.116 


HC mixture 


0.127 


FM agent 


0 159 


Crude oil 


2.1 1 



(2) The preferred method of dispersing colored 
smokes involves the vaporization and condensation of a 
ootored organic voiaHe dye. The problem has always 
been one of selecting dyes which are thermally stable 
and which vaporize without decomposition at tempera- 
tures below 400^. There are a very large number of 
dyes. The folk>wing are rspresentative of dyes selected 
by the US as satisfactory ageirts for producing burning 
type cok>red smokes: 

Yellow: Auramine hydrochloride 

Green; 1 4-Di-p-toluidinoanthraquirK)ne with 

auramine hydrochloride 
fled: l-i ^ »ethy l enl hfa qu i non e 
Blue: Not suitable for signaling bscBUSe of 
excessive tight scatter. 

These dyes are mixed to the extent of atxHJt 50 percent 
with a fuel such as lactose (20 percent) and an oxidizer 
(30 percent) for which potassium chlorate is preferred. If 
the mbtturss should stil bum too hot (and thereby 
destroy the dye), sodium or potassium bicarbonate are 
added as cooling agents. Colored smoke compositions 
are usually used in a compreesed state without a bindsr. 
A major concern at present is the reported carcinogenic 
nature of organic dyes and elat)orate programs have 
been initiated tor their destruction. In addition to the 
smoke grenadsewhteh function by buming, others pro- 
duce smoke by volatization of the dye from a separate 
dye compartment. These dyes stwuld preferably have 
melting points betow 150*0 and be stable In the vapor 
phase. The foliowing are currently used dyes: 

Orange; 1-(4-Phenylazo;-2-naphthol 
Yelow: N,N-Dimetliyl-p-phenyiaieaniine 
Blue: 1,4-DiamylaniinoenthraqUinone 
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Mixtures of these dyes produce muddy colors of various 
hues. Lastly, dyw c«n be (llsfMrMd by eMptosive 

charges. These generate colored clouds (about 
I0x20m) which are formed instantaneously and which 
have a lifs expectancy, depending on environnienM 
conditions, from 65 to 65 seconds, whereas aerial 
burning of the aforementioned burning type produces 
streamers about one meter across which last (or about 
57 to 120 seconds. 

d. Tracers and Fum ers The principal small arme 
applicationof military pyrotechnics is in tracer munitions 
where they serve as incendiaries, spotters, and as fire 



control. Two types of tracers are used. The difference 
between the two types is the method of traddng. The 

more frequently used tracer uses the light produced by 
tf>e burning tracer composition for traciung. Smoke trac* 
ers lesMeatraH of eoioradsnwlce for tracking. Red is the 
flame color most often employed in tracers. Red has a 
longer wavelength and so can penetrate haze, dust, and 
fog t)etter tfian the other colors. A tracer may be directly 
ignited by thellame from apropellant charge or. as is the 

case in larger calibershells, the ignition maybe delayed 
to hide the position ot a cannon. Tabie ^ 0-4 lists several 
tracer and delay composHiom. 



raMs 10-4. Typks^ Formuin Htr Ignllar mtf Timew OomposWone 





May 


Dim 


DayHght 


Red 


FUllMV 




action 


igniter 


(b'lqnV, 


tracer 


n^ei 




fS 


1-194 


Igniter 


R-257 




InQTHtonl 4%) 






1476 






Strontium peroxide 


90 


* 


• 




m 


lutagneslum 




6 


15 


28 


2B 


1-136 Igniter 


• 


94 








Calcium resinate 


10 




• 


4 




Barium peroxide 






83 






Zinc stearate 






1 


m 


m 


Toluidine red (identifier} 






1 


• 


m 


Strontium nitrate 


■ 




* 


40 


55 


Strontium oKalate 


* 




m 


8 




Potassium perchiorata 








20 




Polyvinyl chloride 


• 




« 




17 



ComporitiorM have also been developed for eiectro- 
optical devioes. These oomposftions consist of ciMum 
resinate, barium and strontium peroxides and mag- 
nesium carixmate. The mechanism ot tracer reactions 
Is a complex one: the burning rate and brightne ss 
decrease with altitude but increase vvith increasing spin 
rate of the bullet. Srr>oke tracer compositions contain 
about 70 percent strontium peroxide, 10 percent cat* 
cium resinate, 10 percent catechol, and 10 percent 
smoke dye. Methylaminoanthraquinone Is the dye used 
in red smoke and auramine is used for greenish-yellow 
smdce. A fUmer, or gas gsnerating traosr. uses the 
gaseous products of the burning tracer to fill the vacuum 
created behind the moving projectile. This increraes 
range and dscreases time of flight. 

e. tnewtdlartas. Two types of Incendieries are 

commonly used The traditional type is a horrib contain- 
ing a flammable material. These materials indude ther- 



mite(a mixture of aluminum and rust), phosphorus, and 

napalm. In addition, the case of the t)omb may be con- 
structed of a material such as magnesium that will bum 
at a high temperature once ignited. The tKiming material 
may be exptoslvety ecattered over a wide area. The 
more recently develo p ed typ e of i n c c n di a ny uses metals 
which produce pyrophoric, or buming, fragments. Three 
properties have been idsntified as important for met£ds 
which are suitable for use as incendiaries. The heat of 
formation of the oxkfe must be greater than 400 
kik>|oule8 per mole of oxygen consumed. The ratio ot the 
ORlde volume to metal volume must be greater than one. 
The metal must also have electrons in the conduction 
t>and. Formation of an intermetaliic compound that 
reduces the numtier of electrons in the conduction band 
reduces the pyrophoridty of the compound. Table 1 0-5 
lists the prop^liee of metals considered suitable for 
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li«0taJ 


Haal of oxide lormation 
(par mote oi oxygen) 


Oxide volume/ 
melai volume 


Electronic 
•iniolur* 


u 


-538 


3.10 


Off 7a* 


Th 


-587 


1.36 


6d*7a' 


Zr 


-512 


1.55 


4<F 5s» 


Hf 


-577 


1.62 


5d*6s» 


Ce 


-486 


1.29 


5<l»88» 


u 


-641 


1.11 


5d' 6s2 


Pr 


-621 


1.12 




Nd 


-817 


1.12 




Sm 


-431 


1.06 


5<f>68» 


Y 


-427 


1.44 


4d^ 5s' 


Ti 


-426 


1.78 





For straight incendiary appiicatons the sponge form of 
these metals is used because this form provides a large 
surface area. Metais which are used in this application 
mducte zireoniuni. tiMim. and miachinetal. Polylal- 
raflouroethylenecan he used as an oxidizing agent The 
heat of the reaction for several metals is shown in tat)ie 
10^. Itm numaflcal valuat givan am atrongiy affaciad 
by lha aloicMontaIfy and the effective density of (he 
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KNaloulM 

per cubic 


Metal 


Product 


cantimalaf 


Be 


BeF2 


-24.0 


u 


UFa 


-21.0 


U 


UFa 


-19.8 


Mg 


MgF2 


-19.8 


Hf 


HfFa 


-19,0 


U 


UF4 


-18.9 


Zr 


ZrFs 


-18.6 


Zr 


ZrF4 


-18.8 


Hf 


HfF4 


-18.2 


Ti 


TiFa 


-17.0 


TI 


RFa 


-14.6 



Depleted wanium is used extensively in pyrotechnics 
which have armor piercing capabilities Depleted 
uranium deficient in the more radioaaive isotope U235, 
iattiawaaleproduclof the urankim amfchmant proeaaa. 
The depleted uranium is formed into projectiles that can 
penetrate armor because of their high density and 
maehanleal pfopecBe a . Tha Impact of the projectila 
causes the uranium to form many pyrophoflctiagnianla 
virhich can ignite fuel and munition items. 

f . Delays and Fuses. Delay compositions are 
mMuiaa of oxidanta and powdered metals which pro- 
duoa vary Rtle gas during combustion. Work on delay 
systems continues because the existing delay mixtures 
do not store well and scale-up is not as flexible and as 
pfadaa aa iadaalrad. A basic vaaaon lethal gaalaaa 
delay mixtures are not truly gasless t>ecause gaseous 
reagents are prment in the flame front or in the ignition 
mix. The gaaaotis reagents conlrlbiflatolhepressiiia in 
the column so that the bum time is not strie% a Inaar 
function of the column length This phenomenon has 
t)een called the anticipatory effect. Table 10-7 lists the 
moaiimpo rt antdaliyoompoaltlonsinusaaithapfaaant 
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r«bto 10-7. osAiy CKvnpMWom 





Illustrative 
oomposiiion 


Burn time lange 
canlimeters 
per second 


Temperature 
oooHiGisnt <iiW*K 


Delay ime 

S'orage in 
socnn<ifi p+^r /ear 
per centimeter 


l>16 


Mn 

win 




0.8 - 5.4 


0.17 


04)2 








(obturated) 








OafSfV, 










T-10 


g 


■9 1 CO/ 


0.23 • 0.32 


0.23 • 0.32 


0.15 • 0.36 




BaCrO* 


97- 86% 


(oUuratod) 












0.8 tor 7(X^ 


0.16 


0.06 


Ostays 




OU70 


Zr-Ni, 4.6 for 










1 dO/r, 


oOffV zr-rsji, 








up 10 lUlfO 


ueuz 


7.6 with CeOz 
(venled) 






Tungsten- 


W 


3Wo 


Approximately 


0.1 


Not known, not 


VHan 


BaCr04 




0.8 - 6.2 




suitable for 




KC10« 


10% 


(vantod) 




Storage in 




DialonwcMMn 








regn numiany 




earth 


4% 










Viton 


1% 








UMNOL 


w 


3(Wo 


0.04 - 16 


0.1 


Sensitive to 


Tungsten 


BaOO* 




Up to 24 




moisture 


Oetay 


KC10< 


10% 


wMiCaFt 








OtatomailOMiw 












earth 


5% 


(vented) 







The delay lime change, or aging, is caused by the coiro- 

sion of tfie metallic fuels. The rate of corrosion is 
increased by the presence of moisture. !n general the 
burn time of the deiay is adjusted within stated limits by 
eontreUng the percentage of fUef In the composition. 
The Chromate oxidizers may be cardnog^C. 

g. Photoflash Compositions. Photoflash com- 
positions are the single most hazardous class of 
pyrotechnic mixtures. Tlie particle size of the ingre- 
dients is so smatt that buming resembles an explosion. 
The various photoflash device are similar, differing 
principally in rine and the amount of detay. When fired, 
each photoflash cartridge, after one, two. or four sec- 
onds, produces a flash having a peak intensity of 
approximately 50 million candela with a total output of 
five miRiort camMa seconds, vvhereas photottash 
bombs generate above 5 x io' candela. The most com- 
monly used fuels include aluminum and magnesium. 
The most commonly used oxidizers include barium 
nitrate and potassium perchlorate. While atomized 
magnesium gives higher intensities in consolidated 
compositions, atomized aluminum performs better in 



loose composNiofis than do other fuels. Polas^m per- 
chlorate produces the highest heat of reaction with 
atomized alumtnum. The output is highest for fue! rich 
axnpositions and alkaline earth nitrates which are tar 
superior to aikaii metal nHrales. Constant aluminum 

pa-licle si?es of 22 8 micrometers resulted in optimum 
efficiency at all altitudes. At high altitudes zirconium 



halfnium and potassium perchk>rate possess greater 
luminous efficiency on a volume basis than do other 
formulations. Zirconium, for example, when burned in 
oxygen has an wsraga color tamparaiure of 4.883*K 
compared with 5,235"K for halfnium at peak intonsit^ In 
pyrotechnic flash units, substitution of aluminum with 
halfnium and titanium produced comparable pe«it out* 
put, but inferioroulputMrtianzlrconiumandoeolum want 
substituted. 

h. Igntten and Initiators. Black powder is used 
extensively as an igniter for artillery propeMant dtarges. 
Table 10-8 lists various black powder compositions 
used by the United Stales. 
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Tabh 10^. fiVao* PrntfOw (Itatf fn P^ nn e h n f ea 



CompOMnM (%) 


FormtMs 




147 




roiaswjm nilraie 


74.0 


70 




Sodium niMte 


« 




72 


Charcoal 


15.6 




16 


Coal 




14 




(semibMumlnous) 








Sulfur 


10.4 


16 


12 



A smalt amount of graphHo 18 added as a glazing during 
the finishing process. The burning rate of blad< powder 

is dependent on the granulation of thp ingredients and 
the gram sue. The burning can be described as low 



Ofdardaton a ll o n. Coarse unpressed powders which are 
confined have approximate burning rates of 1 70 meters 
per second. Fine, unpressed, confined powders have 
burning rates of appraxknately 9S0 meters per aaoond. 
A newer formulation of black powder called pyrodex 
consists of six (wrcent sulfur. 10 percent charcoal, 83 
percent potassium nitrate, and one percent caldum 
carbonate. This mixture has an ignition temperature 
above 260°C compared with 125°C for regular black 
powder. Other mixtures called either first fire, ignition 
mixturea, or atartera are used. The names ere aame> 
what misleading. The mixtures are intermediates 
between the primary igniter and main charge. Table 
10-9 lets some oflhe numerous formulaUons of this type 

mixture. 



Table 10-9. Ignition Mixtures. 



Fonnulas 



68 



69 



164 



166 



173 



174 



175 



176 



177 



178 



179 



180 



181 



182 



183 



184 



Aluminum (powdered) 
Ammonium bichromate 
AsphaKum 
Banum chromale 
Barium ponnatim 
Oofon (wnofplioui^ 
Cakaum resinalB 
Charcoal 

DiMomaoaoiis Mrth 
:Sc- rV^o suparflow) 
F©jO»(Hed) 
FMMBIacfc) 

Potassium nitrate 
Potassium perchlorate 



40.0 



35.0 



200 



10.5 



20 

780 



900 



80.5 
2 0 



40 



79.0 



31.0 



91.0 



10.0 



23.7 



60 



10 
49 



5.0 



50.0 



29.0 



Magnesium (powdaiwQ 
Sodium mtrate 



(ehtorf naiad nibbar) 

Pt>02 

PbaO* 

Sr psmride 

Sugar 

Supofflou 

Titwiium 

Toluidine red toner 
V«oatatMoN 



(pdyiBObutylene) 
Bne Stoarate 



74.0 



90 



47.0 



10.5 



56 



80 



60 



20 0 



17.5 



25.0 
70.0 



140 



47.0 



325 



0.5 



1.0 



09 



41 



20 



40 



175 



25.0 



64.0 



63.0 



707 
5.6 



10.0 



10 



13 0 



40 



650 
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i. Simulator ComposiUons. Simulator composi- 
tionsar» used to aimufeMtlw functioning of ammunttkm 
items during training pxpmses Simulators can 
harmlessly duplicate ttie ettects of air bursts, booby- 
traps, ground bursts, gunflashes, and hand grenades. 
Simulators whict) must produce a loud noise may use 
black powder or such compositions a? a mixture of 
aluminum powder, potassium perchlorate, and barium 
nflrale. These simulators also produce white smoke. 
Grey or black smoke can be procured by carbon rich 
oompounds such as naphthalene which do not oxidize 
oompletaly. Simulators can also contain colored smoke 
compositions for marking the poeitfons of certain types 
of hits such as chemical or 'ncendiary projectile impact 
Some simulators contain a pyrotechnic whistle. Picnc 
add and such other organic adds as gallic, salicylic, and 
t)enzoic having the same cha''ar>pristlc odor, are the 
major ingredients in pyrotechnic whistles. Combinations 
of these acids with potassium chlorerte, perditorato, or 
nitrate, compressed in short tubes, emit a shrill whistling 
sound of varying pitch when ignited- Size, especially 
length of the tube in which the composition is pressed, 
determines piteh. 

10-2. Manufacturing of Pyrotechnics. 

a Storage. Care must be exercised in the stor- 
age afMl handling of pyrotechnics and pyrotechnic 

ingredients. Small quantities of contaminants can cause 
changes in stability and burning rates which lead to 
inconsistency in perfofmance. 

I>. GrtncMng. Tlie particle size of the ingredients 

is extremely important in pyrotechnic compositions 
Three methods are used to grind the particles to the 
proper size. One method is with a hammer mill. A ham- 
mer mill consists of a series of hammers which rotate at 
high speeds. The impact of the hammers grinds the 
material. Some heat sensitive material such as waxes or 
resins may be coded with dry ice or liquid nitrogen 
before being processed by the harr r or mill Materials 
which cannot be ground safely in a hammer mill are 
ground in a ball mill. In the ball mill the sample is placed 
in a sealed drum with a large number of steel, brass, or 
ceramic balls The drum is rotated. The tumbling of the 
balls grinds the matenal. The third method of grinding, 
an attrition mill, Is used to further reduce the size of the 
parfides of powder, in the attritton mW a stream of high 



velocity air is used to accelterate partides of the powder. 
The colNsions of the particles with one another broik 

tt>em down further. 

c Classification. After grinding, the powders are 
classified by size. For powders above 44 microns, 
Sieves are used. For powders below 44 microns, 
cyclones are used Cycfoncs arr funno! shaped cham- 
bers into which the powder is ted. An air current is 
mirintained which oentrifugiaiiy separates the powdeii 
by size. Thecoaraarivwterialsarefbioedtoltiewalof 

the container 

d. Weighing. To obtain the proper performance 
from a pyrotechnic oomposHton accurate weighing is 
necessary. 

e. Blending. Two methods are i^sed for the 
blending of pyrotechnic compositions, dry and wet. The 
dry method is used for insensitive material. Passing the 
ingredients through sieves is used for small quantity 
production. A bait mill which uses rut)t>er balls is used for 
larger quantities. Wet mixing is accomplished with the 
ingredients suspended in a NquM. This method is used 
to blend more aensilive materials. 

f. Granulation In orderto ensure the pyrotechnic 
composition is sufficiently fluid after blending, the mix* 
ture is forced manually through a sieve. An alleffnato 
method is to press the composition Into acalce and then 
granulate the cake. 

g. LotK^ng. Loading pyrotechnic compositions is 
a ccompli s hed tyy means of a press. Spedal tools sup- 
port the element into which the composition is belrig 
loaded Multiple layers of different types of composWon 
are loaded by multiple pressing operations. 

b. Dryhg, Drying is accomplished by subjecting 
the ingrediento to 105* to 110^ for two to four houra. 
Vacuum drying may be neoeseary to furttier reduce 

moisture content. 

i. Assembly. The pyrotechnic item is now ready 
for assembly into the end Hem. Care shouM betaken to 
prevent exposiHre to moisture and ensure the pyro- 
technic itom is properly supported for transportation. 

10-3. Testing. The different types of tests used in 
the process of developtog pyrolechnto ammunltton aie 
described in this paragraph. 
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a. Kiinete 0/ rests. 

( 1 ) Development tests. Dsvelopment tests are 

performed by the designing agency to ensure that com- 
ponent subassemblies or complete ammunition funo- 
«on in ttie manner for wtiieh they were designed . These 

"ests evaluate the latest efforts of the rfes:gne" and may 
to repeated until successful results are obtained. The 
ammunition is subjected to a series of tests that serve to 
dstermine that the device is safe and reliable, and to 
ascertain readiness for field testing and use. Part of the 
task of planning an ammunition development project is 
to specify the type of tear, the order of meculion. and 

other testing details Development tests are usually 
made in the laboratory or developer's testing facility, 
and need not include all of the parts of the complete 
device. 

(2) Evaluation. Evaluation tests are made to 
assess the usefulness o' a pyrotechnic system. These 
lests expose the charactensiics of the hardware to 
observation t»y personnel experienced with pyrotechnic 

applications. An evaluation nf a flare launcher, for 
example, includes describing the launcher, evaluating 
profecled attitude, [Rumination duratton, effsds of water 

soaking, day and night range functioning, ability to 

penetrate foliage, and comparing 38 and 45 caliber 
cartridges. Recommendations are made on the basis of 
theae teats. 

(3) Service tests. Service tests are intended to 
determine the suitability of hardware for use by the 
military under fiekJ conditions. They compare the 
hardware Witt) requlramenia set down in the documents 
for the device tieing tested The tests are always carried 
out on the complete device under field conditions. 
Aooepttince teals are one fbim of servtoe test 

(4) SurveHlanoe testa. SunwHIanoe tests are 

made on specific lots of ammunition taken from storage 
to determine if changes are needed in components to 
provide satisfactory operation as well as to detemiine 
the degree of deterioration of the original lot. Suchtaata 
should include adequate sampling of ttie k>t to assure 
true representation and isolation of troubimome com- 
ponents, and adequaAeleatB to assure satisfactory 
performance of renovated ammunition Tests of this 
type will salvage tots of saUstactory ammunition 
whenever possilile. 

(5) Malfunction teats. Malfunction teals arecar- 

ried out whenever failures have occurred. The rationale 
and planning for such tests is usiial'v the responsibility 
of the investigator. Special tests are applied to pinpoint 
the cause of faUura and recommend ooirective action. 



(6) NATO tests. NATO tests are prescrit>ed for 
safety and environmentai aurvival of all ammunition 

components planned for use by NATO countries Engi- 
neering design tests are listed tor airborne devices for 
both packaged and unpactcaged stores. 

b. Ught 

(1) (tenenl. Light producers can be tested by 
use of human ot)servers, simple electrical light detec* 
tors, or complex arrays of light detectors coupled to 
recording instrument s and to computets for analysis of 
light intensity and spectal content as a function of time. 
Ot)6erv^ are used in many fiek] situations that are 
dUfcun to assess by instrumentation systems and, 
therefbre, play an important role in the ultim rt e t ealingof 
pyrotechnic light producers. Many test programs, for 
quality assurance of existing candles and the develop- 
ment of new types, are performed indoors at large mm* 
tary installations which have flare tunnels. A few instru- 
mented outdoor sites are available to evaluate the light 
ou^ut of complete pyrotechnic ammunition under a 
aambianoe of field oondHiana. 

(2) Laboratory tests. The candle of a 
pyrotechnic device is usually tested as a separate com- 
ponent in development, production, and quality control 
efforts. Candin with ou^hjIs of up to 10* eandelaa are 
commonly tested in areas equipped to contain the 
buming candle safety and to measure the emitted light 
undar controlled conditions. These areas consist of a 
fireplace or hearth and a light tunnel. These facilities are 
well suited for making comparative measurements of 
buming time and candlepower of flares, but caution is 
required In relating valuea obtained lolhoeeotitalned in 

different tunnels, outdoor facilities and actual end item 
conditions. Large variations can easily occur depending 
on the test system, test procedures, and tfie inherent 

variability of the flares. If the candle is tested with the 

burning surface upward, for instance, the reading will be 
greater than it tne burning surface is pointed downward. 

Ihis is dueto thedlffersnces mflameshape andsmoke 

pattern. The practical difficulties in measuring true 
candlepower of pyrotechnk: flames makes reference to 
tiie specification under whksh the test was performed 
necessary when quoting the candela for a partloular 
device. Nevertheless measurements made under 
comparable condiuons are valuabie to rate light output 
and lo maimaln quality atandarda. The Ight output of 
small arms tracer projectiles is measured in a spinner 
that is capable of rotating the proiectile at up to 1 30,000 
rpm's. Light intensity measuiemetite in tunnelB are 
affected by the folkMving variables. 
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(a) Usually, large volumes of smoke issue (rom 
th6 tofltfltafo. Tho smokoc&n toflsct iQhtor otocurottw 

flame depending upon the motion of tfie smoke. Blowers 
and dampers are used to adjust the wind veloci^ to 
maintain control of tfiis variable. 

(b) Power density radiated bf the flare is a 

variable. Tiie flare is not truly an isoentropic source, as 
assumed in calculations, because flux is not radiated 
uniformly over the entire burning surface. Radiation 
from the cylindrfcai sides may be twica that finom end on. 
Measurements in tunnels are usually made from the 
side of the flare. 

(c) The area of the flare in the field of the 
photocell is a variable. Intensity readings will be inoo<^ 

rect if the field of the optical system includes only a 
portion of the ftame produced by the flare. The entire 
flame produced by the flare should be in the field of view 
of the photocell, and any light reflected from the smoke 
in the vicinity of the burning flare shoukJ be kept to a 
minimum. 

(d) The reflectivity of the backgrourtd is a 
variable. Baei^round refleciions can produce particu> 

larlv 'arqe errors in measureTients of light output. 
Apparent increases of 40 percent have occurred 
because of reflections from the tunnel floor. TNs oondi- 

tion iscorrectedby restricting the view of the measuring 
instrument to that port(on of the flare produci ng ihe light. 

(e) The accuracy of the spectral correlation 
and Menatty caNbration Hi a variable. Spectral oorreo- 
Uon conforming to the response of the intemational 
Commission of Illumination and intensity calibration with 
standard sources for the test equipment are required. 

(3) Field taala. The flame size and volume of 

smoke produced by some flares is too great for indoor 
tests Such flares are tested outdoors at test sites that 
are relatively flat, open areas approximately 1 20 meters 
(400 feet) In diameter and that have a meane of sue* 
pending the flare at feast 24 meters (80 footi above tho 
center of a plane containing the photocells. Often the 
most practical metttod of evaluating light enacts is visual 
observation supplemented with r^wtograpliy. This la 
particularty true of smati arms tracers. 

(4) Color measurement. The color of light- 
producing illuminants is assessed by visual observation 
of flare burning or by the use erf instrumenis that can 
dissect the light into ch.arocteristrr colors or 
wavelengths. Quantitative spectral data allows the 
o ngl noof to ofaeerae dilution of a desired color by 
unwanted colors, thus enabling corrections to be made. 
These procedures may also be used for quality control 
during production. A flare radiometer consists of a 
number (io is used in the Picatinny Arsenal apparatus) 



ot interface filters, which cover the visible spectral 
region. TheflNefs are chosen to have a uniform spectral 
response at a precisely chosen peak wavelength. 
Photocells and associated circuits are positioned 
behind the filters. The output of the photoceiis can be 
digllized and inlsftaced directly wHh a com p uter. Ooi^ 
rectlon for human eye response can be made autorna- 
tk;ally. Candlepower can be computed by integration of 
the luminous Intensity over ttie waveleriglh range of 
interest. Dominant wavelength and purity are deter- 
mined by multiplying tf>e radiant energy distribution by 
the three color distributions of the Intemattoruil Com- 
mission of llumlnallon, wavelength by wavelengll). 
Chromaticity coordinates are calculated from the inte- 
grals under the three product curves and plotted in a 
chromallclty diagram to dalonnlne dominant 
wavelength and purity. 

0. Smoke. 

(1) General. In early stages of development, 
when gross effects are sought, much is gained by sinv 
pie visual obsen/aflon of the emote produced. Visuai 

observ'ation is usually followed by still and motion 
photography to make better estimates of volume and 
color. In the case of screening smokes, quantitathre 
measurements of the obscuring power can be made by 
the attenuation of light by the smoke. Signalling smokes 
have four properties of importance to the military; color, 
visibility, duralton, and volume. Since instabilHy Isoite of 
the main features of the smoke c'oud, 'he ability to 
persist is usually judged by comparison with smoke from 
a control that is being burned simultaneously within 
ck>8e proximity of the test smoke generator. Care nmist 
be taken to obseo/e that the two independent plumes 
are Obsen.'ed under similar atmospheric conditions. 

(2j Latjoratory tests. The test volume of the 
equipment used to measure smoke production may 
van/ friom a few cubic feet to several thousand cubic 
teet. The test chambers usually provide a means of 
physically manipulating the sample under teat including 
parts or fittings for air, smoke, and exhaust; and an 
optical system for obscuration measurements. The 
screening values of smokes are determined by a figure 
of merit known as the total obecuiing power (TOP) wirich 
is the area in square feet that can be obscured by a 
pound of smoke furmuiation TOP can be measured 
directly by positioning a target in asmolcechamber until 
thetaiget isjust obscured. TOP can also be determined 
by measuring the attenuation of a light beam through a 
fixed distance of smoke. Tfie intensity of the light as a 
function of Incident Inlensily is given by the equation: 

/»/oexp(eCL) (10-1) 
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where / is the observed light intensity, la is the intensity 
with no smoke present, C is the concentration of the 
smoke in pounds per cubk: foot, t is llw ptttl> length in 

feet, and e ts the scattering or extinction coefficient in 
feet squared per pound. J OP is det(r>ed by the equatkm: 



TOP 



wttmm Ci is the concentration ot smoke required for 
obacurallon in poMnds par cubic teat and £r te the fixed 

distance between the lamp and photocell in feet. The 
oor>centration of smoke. C, from equation 1 0- 1 is related 
totheooncentralion In equation 10-2 t)y the relationship: 



(10-3) 



where y Is the yield or tl«e raito Of the weight of aerosol 

produced to the unit werght of the smoke producing 
composition. Combining equations 10-1.1 0-2, and 1 0-3 
yields: 



TOP 



ln(/(//o) 



(10-4) 



where It is the transmitted light intensity under obscura- 
tkm. The value of 0.0125 has been adopted by some 
researchers for the ratio MIo based on physiological 
studies of the discriminallfHl capsctty of tiuman vision. 
Equation 10-4 yields: 



R>r fixed 
compounds 



and welgbts of smoke pnMluoing 
tO-6i 



TOP =K log(/f//o) 



(10-6) 



Equation 10-6 is valid if the smoke is dUute SO thst 
paiticle coalescence is minimal 

(3) FiekJ tests. In the field, observers are often 
used in the assessment of smoke producing ammuni- 
tton, A number of obsep,'Grs are commonly used in order 
to obtain statisticaity significant resuKs. Any person with 
serious visual dsfeds Is einHnaied, usually by tests 
nr^ade immediately before tf>e observation. Coior bKnd- 
ness is of particular concern when tost'og colored 
smokes. Observers are sometimes supplied with 
binoculars during smoke tests. They compare perfor- 
mance with conboto having well known charaelsrtstics. 



Wind tends to produce both good and bad effects in 
snK>ke production and use. In outdoor tests, wind speed 
and dkedion aro normally recorded. Wind may aW In 
distributing the smoke for screening purposes. If ttie 
smoke is produced continuously, wind often helps to 
pinpoint a marked vee by otnenring the origin of the 
plume. On the other hand, the wind may scatter the 
smoke. In testing field ready smoke producers, each 
sample is numt>ered. The ignition time and burning time 
of each ssmpfo Isreooided. Comments cencsrr^ng out 
of the ordinary conditions, such as excessive sparldng 
on ignition, flame-ups while burning, and fuze failures 



(4) i^hotogrspNc technk|ues. Smoke pfomes 

can be studied with time exposure photography Expo 
sure times of several minutes can be used to study the 
dHIUston of smoke foto the at mosphere. Time exposure 
during the dsylight requires either an extremely slow 
film, a very small aperature, or the use of very dense 
filters. If these conditk>ns cannot be attained, the disper- 
ston phologrsphs can be made under twHIgin condi- 

MX. — 

wons. 

d. Weaf. Incendian,' devices are normally 
evaluated in terms of their ability to inflict specific dam- 
age against spedHcaNy defined targets such as burning 
a hole through a metal plate. The burning time s another 
of the parameters that is commonly measured. Several 
technk^ues. such as photography and the use of spec- 
bomelers and radiometers, have been tried to improve 
these testing methods. Photography with infrared film 
with appropriate filters can provide an effective means 
of evakiating the temperature dtetifinifion over the sur> 
face of a "a'^ge flar^e provided the fuel is relatively 
homogeneous and the observation path is relatively 
homogeneous. The film shoukJ be calltrated with a 
black body source of infrared andthe calibration film and 
recording film should be processed identically. Small 
arms incendiary rounds can be evaluated by firing 
against an afominum plate and recofdkig Hie flash 
photngraphScalty The photographs are compared to 
photographs of acceptable rounds. Tt>e following fac- 
tors should be measured or assessed qualitaUveiy fo 
lestoof flame producers. Quantitative melttods have not 
been devised to measure all the factors 

( 1 ) Fuel dissemination in terms of blob size, 
spectral and special distribution. 

(2) Percentage Of the fuel that ignited. 

(3) The adhesiveness of fuel "btobsT' to dWer- 

ent surfaces a tunctionof thetypeof surfBce«''btob'' 
vekx^, and altitude. 
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(4) Fuel spread and runoff dunng burning. 

(5) Oxygen depletion or contamination. 

(6) Heating ot the air in the vicinity of the target. 

(7) Damage capability as a mncdon Of 
mgattypa. 

e. Gas-Operated Devices. Pyrotechnic gas 
generators may be designed to produce various quan- 
tities of gas at various rates and tempevalurea and under 
a variety of loading corxJitions. Gas operated devices 
are tested under conditions nearly the same as those 
anticipated during use. Special test fixtures may be 
raquired, but normally a dosed bonib with a fixed vol- 
ume approximately equal to the volume in tho actual 
application will suffice. Some test fixtures provide for 
expansion of the charnbarwfth a moveabla mamber aa 
piaaaura ia applad from the pyrotechnic device. This 
type of test measures the ability of the pyrotechnic 
device to do some minimum annount ot work. Both the 
presaura and the dtoplaeemant of the movMble 
menbof are measured Piezoelectric sensors are used 
for pressure measurement. Capacitance, inductance, 
or resistance sensofs are uaad fbr displaoament maa- 
surement. Piston. bUk/m, and fliinple motors can ba 
actuated by the expanding gases These motors are 
evaluated using force measunng transducers or tiy 
worMng them against springs. Taatfng includes 
measuring the time from the initiation impulse and the 
time from the start to the end of motion. Vne gas pro- 
ducer and the pressure bomb must be property saaM. 
Ooppar vMahaia am normaUy uaad for thia piapoaa. 

10-4. Anatyala of Protachnic Compositions. The 
foNowtng methods are used at tha dtooraUon of the 
reaaarcher to yieid the particular data sought 

a Differential Jhwmal Analysis The same 
method used in tha analysis of explosives and dis- 
ousaad In Chaplar 5 la uaad fbr pyrotechnic oompoai- 

tions. OTA can give qualitative information about the 
composition of a mixture. The presence of an endo- 
tnerm or exotherm, wik^ is characteristic to a particular 
compound. Indlcalaa lha pfoaanoa of the compound in 
the mixture The ignition temperature of themixtu re can 
be determined. OTA can aiso be used to determine tha 
purity of tha sampla ahoa impurWas greatly affect the 
melting point. A sharp endothemi at the melting point 
indicates higher purity than a broad endotherm at a level 
slightly lower than the melting point. 



b. ThBrmogravimetry. Thasamamathoduaadin 
Ihaanalyalaofa a p l o aN aaanddtecuaaadin Chapter 5 is A 
uaad for pyrotechnic compositions Either mettiod may ^ 
ba used on pyrotechnic compositions: the weight can be 
monRorad as lha tafflpaMhire la programad 10 rlaa 
linearly with time or the weight can be monitored at a 
constant tempaiature. The fomwr ia the preferred 
method. 

c Mfmed SpBOtnaoopy. Thia malhod la dl»* 
ousaad In Ohaplar 13. 

d. Thermal Conductimetric Analysis. In thermal 
conductimethc analysis, the electricai oonductanca of 
the material under test is measured as a funcBon of 
fampantura. Tha variation In conductivity is caused by 
such events as crystalline transitions which change the 
crystal lattice in such a way that the energy required to 
cause alecbons to go from the bound state into tha 
oonducUon bond ia altered. 

e. Bectrothermal Annlysis Electrotf>ermai 
analysis consists of measuring two quantities as a func- 
Hon of lamparalura. Tha capacManctt of lha sample, 
which dianges during a crystalline transition between 
tvw stable forms. Is measured. The dissipation factor is 
also measured. The dissipation factor is the heat loss 
ftamanACalgnalapplladlolhaGiystal. Atransition alao 
causes the dissipation loss to increase during ItM 
change beNveen the two stable states. i 

f. Classical Chemical Analysis. ' 

(1) To last for posWvo tons, add 300 miiligrama 
of tha aampla to be tested to water and mix. Filter ttie 
slum/ and divide the filtered solution into two parts To 
one part of the solution add a drop of a saturated sodium 
aulfalasolution. Barium orsHonUumartlloomaout of tha 
adution as a white precipitate A flame test on a 
platinum wire, using the part of the solution that was not 
treated with sodium sulfate, identHias barium or alion- 
llum. Agrean flame is produced by barium salts and a 
red flame is produced by strontium salts. To find the 
quantities of barium and strontium, add sodium sulfate 
unW no more predpNaMon lafonnad. fHllarand walgh 
the precipitate. The untreated aqueous solution may be 
flame tested for sodium and potassium. A yellow and 
violet flame is produced respectively, alttiough tfia 
poMum last is diffcult. NH4 can be delaciad by an 
ammonia smelt after the solution has baan made basic 
with sodium hydroxide. 

(2) To test for anions, the barium and atronlium 
ions must be removed by precipitation with an axcasscrf 
aodlum auNMa. 
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(a) To test for ClOa. add one milliliter of Hie 
test solution to one milliliter of a solution that was pre- 
pared from 20 grams of aniline hydrochloride and 50 
nWNlBfS of hydrochlofic ttcid. Tho pfosonoo of llio ion is 
indtofltocf by a pink violat or dark Wiia color. 

(b) To test for NOi. add two milliliters ot the 

test solution to two milliliters o( a solution that was pre- 
pared from 25 grams of Fe804 In 100 miMtors of dis- 
tilled water and 25 milliliters of concentrated sulfuric 
acid. Hold the test tube at a slight angle and add one 
milliliter of concentrated sulfuric acid to the wall of the 
last tub«. Manipulata the t»«t lube to causa tha drop to 

slide down the wall and into the solution The drop of 
sulfuric acid will sink to the tx>ttom. A brown color at the 
inlBifaDB batwaan the sutfuric add and waler IndicalM 
ttia praaanca of tha nNrata. 

{c) To test for CIO4, first prepares solution of 
40 milliliters ot 1 0 percent aqueous CuSO*, 1 9 milliliters 
pyridlna, and SOnwBilitars of d l s i Hl s d wsiar. This s oliMton 
must be stored in a tightly stoppered bottle to avoid 
breathing the pyridine vapors. Add two milliliters of this 
solution to 3 milliliters of ttie solution under test A pre- 
cipitate of Mua or whits crystals Indlcatss the pnssanca 

of the perchlorate ion If no precipitation forms in a few 
minutes, scratch the txtttom of the test tube with a glass 
rod to Iry to Induce crystallization. 

(d) To datarmlna ttia amount of tha chloraia 

quantitafively. add an excess of NaHSOa, andthen pre- 
cipitate AgCl by adding an excess of silver nitrate solu- 
tion. Filter and weigh the predpitate. One gram of pre- 
dpitata oonasponds to 0.855 grama of I^IQt in the 
mixture. 

(e) To determine tf>e amount of the perchic 
rate quantitatively, use tetraphenylphosphonium 
cMorfdeto pradpHalethelatraphanylphoophonlum salt. 

(0 To detemnine theamount of NO3. the chlo- 
rate and perchlorate must be removed from the solution. 
Then nitron is used to form a precipitate. Nitron is a 
Standard reagent wHh lha fonmiia dnH«iN4 and a 
molecular weight of 312.38. 

(3) In the original test mixture the materials 
which did not dissolve in water are most likely either 
metals, sulfur, or chsrcoal. Magnesium wll cause lha 
evolution of bubbles of hydrogan gas if live parcant 



acetic ackJ is added. Aluminum will not. Aluminum wff 

avolve hydrogen in five percent hydrochloric acid or five 
parcent sodium hydroxide. To test for iron, dissolve in 
cMule hydrochlorfc add or nitric add and add potassium 

ferrocyanide A bluo color indicates iron. To test for 
sulfur, dissolve in carbon disulfide or pyndine and dry 
the solvent The characteristic yellow color indicates 
aUNur. Chaicoal wW produce an orange flame in ihe 
flame test. 

10-5. Senslthrity. 

a Impact This test is performed on any Of the 
vanous impact sensitivity devices. 

b. AfoMn. This test Is perfoimed on gie pan* 
dulum friction davica. 

c Hygroscopicity' In this lest a weighed sample 
of the material is subjected to air at a specified temper- 
ature and rel€ttive humidity. The weight gain is noted. 

d. SoflsilMiyfoltoot. Tlwsa matliodsareusadto 
measure sansHivHy to fiaat. 

(1 ) In the first method, a sample of the material 
is contained in a blasting cap and immersed in moltm 
matal batti. The tampsralurs of lha bath Is oonlroled so 
tttat a reaction occurs In five aeoonds. 

(2) In the second method, isothermal heating, a 
sample of the material is subjected to a preselected 
lamperature tor an extaiKled period. This method 
dstermines the induction period of the maisrial at a 
specified temperature. 

(3) In the third method, adiabatic heating, a 
sample is placed in an oven or furnace and heated at a 
slow rate. A thermocouple monH e re the t a mpara to re at 
the sample. 'A^en an exothermic reaction starts, the 
temparaUire o( the furnace is adjusted so no heat is 
gained or lost by the sample. The t a m pa ra t ure at which 
the reaction accelerates to deflagration Is called the 
autoignition or deflagration temperature. 

e. Elect/oatatiG Dis^wge. The standard eieo- 
traataUc dlschaiga aansHivity device described in 
Ohaplar 5 Is used for this tasL 

f. Compatibiat'/ This test is performed by mixing 
a sample of the pyrotechnic composite with another 
malarial and subjscting tha mixture to the 120^ vac- 
uum ataUH^ last lor 40 hours. 
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IVI. hmrodudlon. This chapter r«ltoels llw cur- 

ront'v available, unclassified information on foreign 
energettc matertals. Security restrictions may, in some 
C8908, (tale the materlfll prooonlect. GenorSNy, foreign 

energetic materials are the same as those used by the 
United States aJthough the composition of some of the 
composites varies. 

11-2. French Energettc Miterlels. No iriformation 
is presented on priming compositions or initiating explo- 
tivw. The French for fulminating explosives such as 
memiry fulminate is explosifs fulmlnants. Table 11-1 
Ksts sonf)e of ttM SMondaiy eacploaivM used fay the 
Frertch. 



r«M» 11-1. Frwch Seoomtafy Exfriosfvet 



Engttstt 


French 


TNT 


Trotyl 


Pyroxylin 


Pyroxyiine, collodion 


PyraceNukne 


Coton-Poudre (CF^ 


Guncotton 


Coton-Poudro (CP) 


Nitroglycerin 


Nitroglycerine 


Nitrostarch 


Nitrate (f amidon 


PETN 


Penthrite 


TEGN 


Dinitrate 




de triethyieneglycol 


HMX 


Octogene. 




cyclotetramethyienetelmitrawin 


ROX 


Hexogene, T4. 




cyclotrimethyiene-trinitramine 


Picric acid 


MeNnito 



The loilowing explosives are also used by the Franch: 

a. Expiostt Amylace. These are tiie amide 
exptoeivee. An Inorganic amide exptoaive, alao caied 
amnrranobase. is a compound in which one hydrogen is 
replaced by a metal. Metailk: amides are prepared by 
predpitalion from liquid anmionla aoiuMons by the action 
of potassium amide, KNHs. Potassium amide is also 
referred to as poiassamide. An oiganic amide contains 



the monovalent radical -CO.NH2. Organic amides are 
nonexplosive unless nitrated and are not considered 

here. The metallic amides include: 

(1) Auric imictoamide, Au(:NH)NH2 or 

HN Au.NHt. is an eKiiemely explosive and sensHhre 

powder The compound does not explode when wet and 
SO is stored under water. Storage at lOCTC for several 
hours causes auric imidoamide to become so sensitive 
that harKMng without an explosion is virtually imfioaei* 
ble. 

(2) Cadmium amide, Cd(NH3). is a white pow- 
der which explodes upon rapid heating. The salt can be 
prepared by treating cadmium iodide or KCd cyanide 
with a solution of potassamide in liquid ammonia When 
heated to 180°C in vacuo, cadmium amide ioses 
ammonta leaving cadmium nitride, CdaNs, a Mack, 
anwrphous powder that wp l odss whsn brought in 
contact with water 

(3) Potassium amide, KNHz, is not used as an 
exploeive but is used as an inlemtedtale in the prepara- 
tion 0^ other exp'osive amides. The normat method of 
preparation is to add a small amount of platinum black to 
a solution of liquid ammonia and metallic potassium. 
Without the piadnum. the reaction taicas weeks or 
months. 

(4) Silver amide AqNH2, is a white precipitate 
wtiich darkens and shrinks in volume on exposure to air. 
The compound can be prepared by mixing a aohflion of 
potassamide with silver nitrate or iodide in liquid NH 
toiowed by washing by decantation and careful drying. 
This compound is wtremeiy sensitive and can shatter 
test tubes and tear holes in several layers of towels 
wrapped around the tube for the protaolton of the 
operator. 

(5) Sodium amkto. NaNHs. consisis of while 
crystals with a melting point of 206.4<'C. The compound 
dissolves in liquid NH3 and is vigorously hydroiyzed by 
water. Preparation is by means of metallic sodium dis- 
solved In ammonia, the reaction la csia^yzed by Iron 
wire. 

b Erphsif^ Anfigrisouteux These are French 
industrial explosives used in coal mines. Under pre- 
scribed condWons these do not ignite mixtures of 
methane, air. and coal dust Some standard composi- 
ttonsare: 
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Components 

Ammoni'jTi nitrate i"'-) 
Oinitronaphthalene {%) 

PETN {%) 
Wood flour (%) 
Sodium chloride (%) 



Nno7 Nno9 Nno62 

76.0 48.2 12.0 
7.0 

9.15 

23.0 

2.0 1 .65 

15.0 41.0 65.0 



C. Exphsifs Chlorates These explosives are 
also known as chlorate checidites or chlorate streetites. 
The ctiloiaie cheddflM may b« suMivided into 
nongelatin arid gelatin types. The nongelatin type ched- 
dites are in the form of soft grains which are white or 
yellow in color unless they have been artificaUy colored 
ttrilh an oil soluble dye In order lo dlstfnguish one type 

from another They are readily compressible and. in 
order to obtain the full explosive power, their density 
should be careftifly oontroled. If the density is low. the 
maximum power is not developed but if the density is 
very high detonation is difficult. These explosives are 
relatively insensitive to shock and friction at room tem- 
perature and. when unconfined. bum more or less 
rapidly without any tendency to explode even when fired 
in large masses. Heating at 120°C tor an appreciable 
psfiod causes no decomposition. But at 200*C the OH in 
cheddite decomposes, part of the nitrocompound vol- 
atilizes, and the whole mass darkens. Heating of ched- 
dites in small quantities to 250* to 265°C causes defla- 
gralion. DensiUeeof compressed materials average 1.3 



to 1 .4, power (by Trauzl test) is slightly less than that of 
TNT. but brisance is only 30to 50 penwntof TNT duelo 

the low detonation velocity, 2,300 to 3,200 meters per 
second. The rate of detonation depends not only on 
composition but also on density. The rate of detonation 
increases as the density increases up to acertaln opll- 

mun density, but then the rate decreases vee,' rapirfly. 
For example, one of the cheddites developed the rate 
2,283 motors per second at a density of 1 .07 grams per 
cubic centimeter which increased to 2,901 meters per 
second at a density of 1 .17 grams per cubic centimeter 
but droppea to 2,451 meters per second at a density of 
1 .14 grams per cubic centimeter and failed to detonate 
at density of 1 5 qrarps per cubic centimeter None of the 
chlorate cheddites can contain any ammonium salt 
because double decomposition might take place wNh 
the formation of dangerous ammonium chloride. Ched- 
dites containing potassium or sodium perchlorates are 
more stable and less reactive than those containing 
potassium or sodium chlorate. Ammonium percWor a te 
may also be used, provided chlorates are absent. 
Sodium chk>rate is more hygroscopic than potassium 
chlorate, iMt is more economical and contains more 
oxygen per unit weight. The gelatin type cheddites are 
plastic type explosives which do not harden in storage. 
These explosives are not very powerful tHit their M- 
sanoe is superior to any ammonium nHrato explosive. 
Tables 11-2 and 11-3 give the composNlonotsomeof 
the most current French cheddites. 



Table 11-2, Frwtih Chlorate Chedd^ 



vuliipMWOH ano sew pnptnn 


55 


58 


gelatin 




-CSE 


-CSE 


choddlM 






•1S48 


If IB 


Sodium chlorate {%) 


74 


74 


74.0 


DNT (liquid) (%) 


23 


23 


19.0 


Sawdust (%) 




3 


• 


Cork flour (%) 


3 


• 


• 


NG (%) 






5.6 


CoHodton cotton (%) 






1.5 


Density, grams per centimeter 


• 


* 


2.0 


Power (picric acid 100%) 


93 


80 


83 
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Tabi0 11-3. Fnnch Perchlorate ChedditM 



Composition 


1 


II 


III 


SevraniiM 




m 


Ammonium perchlorate (%! 


62 


50 


88 - 9 


31 


42 


Sodium nrtrate (%) 


« 


30 








DMT(%) 


13 


15 


- 


• 




VxaSlOr ON ^ /0| 


o 


C 

O 








Paraffin (o/o) 






12-10 


• 




Collodion cotton ("Vo) 


• 


• 








P€TN(%) 








48 


42 


Plastlcizer (%) 


• 






18 


16 


Akuninum powrder (%) 


* 


• 




3 





d. E)^>losits Couche. These are explosives with 
tempefaturMol«xpk»lon of tMkMir 1,500*C which ar» 
pemnitted for use in coal layers of fiery coal mines. For 
example, Qrisou naphthalite oouche oontains 95 per- 
cent ttiwnoniuni nilralB wid 5 percent MnNro* 
naphthalene, while Qrisou dynamite couche contains 
t? percent nitroglycerin 0 5 percent collodion cotton, 
and 87.5 percent ammonium nitrate. Sodium chloride is 
fltoo used in couche to reduce the ewptoeiow tempera^ 
lure. 

e Explosifs CSE These are a series of explo- 
sives developed at the laboratory of the Commission 
des Substances BipkMfves (CSE), The eKphMilSi €hl(h 



rates are actually CSE explosives. Other examples 
include: e3-CSE-1949 which eonlalns vr psrosnt 
ammonium nitrate, 12 percent 20/80 pentolite and 21 
percent aluminum powder; 66-CSE-1949 which corv 
tains 20 percent ammonium nlbate, 20 peroem PETN. 
1 .5 percent dinitronapthalene, and 58.5 percent sodium 
chloride; 123-CSE-1948 which contains 17 percent 
amnfX)nium nitrate, 23 percent PETN. and 60 percent 
sodium cMoride: and 133-C8E-1048 which contains 22 
percent ammonium nitrate, 20 percent PETN, 3 percent 
TNT, and 55 percent sodium chloride. These are used in 
Aery ooai minea. TiMt 11-4 shows soma of lha sWcon 
CSE SKploslvas. 



raMS } 1-4. CSE Silicon ExploaivBB 



Corrposiiion 
and propwtm 






C8E-tSB0 


C8E>1«ei» 


NifO 




Ammonium nitrate 


79.0 


82.0 


75.7 


78.5 


SSoon (pulMrlzsdD (*)b) 


5.5 


7-4 




• 


Aluminum (grsnutar) Olb) 


m 


■ 




9.2 


TNT (%) 


m 


10.6 


21.3 




PemnMe (20/80) (%) 


18.5 


• 




12.3 


Density, grams per osnUntaiai 


1.40 


1.24 


1.40 


1.40 


Velocity of detonation 


4.700 


4m 


4,460 


4.150 


meters/sacond 
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Some of tho following ptasiic explosivee were 
developed by the CSE. 3d-CSE-1951 contains 75 per- 
cent RDX, 21 percent nitroglycerin, and 4 percent nitro- 
poiystyrene. 34-CSE-1951 contains 88 percent amrrvo* 
nlum nNrato and 12 percent RDX. 36-CSE-1951 con- 
tains 82 percent RDX and a solution of 40 percent 
polystyrene in liquid ONT. This explosive has a velocity 
of detonation of 7,S20 meters per second. 37-C8E-1951 
contains 85 percent ammonium nitrate and 15 percent 
nitropoiystyrene. 38-CSE-1951 contains 72 25 nercent 
ammonium nitrate, 12.75 percent nitropoiystyrene, and 
15 parcent sodium ctitoride. 

f. &tphaifD. This expiosiveoonlainsSSpeicant 

RDX and 15 percent TNT 

g. Explosifs et Poudres. Tliese explosives and 
propellants include mixtures of ooml>ustibles such as 
nifroguanidine, hexanitrodiphenylamine (HNDPhA), 
and 9-0X0-2,4. 5.7-tetranitrothiodiphenylamine with 
oxidizers such as nitrates, chlorates, or perchlorates. A 
mixture of 53 percent nitrooiianidine and 47 percent 

ammonium perchlorate and a mixture of 56 percent 
nitroguanidine and 44 percent potassium nitrate 
possess high temperatures of deflagration and are suit- 
able for use in weapons operating at high temparaturaa 
or for oil seismic prospecting at great depth. 

h. Explosifs Roche. These explosives, with 
temperatures of explosion t>etween 1,500 C and 

1 ,900*C. are permitted for usein rode iayeiscf fiery coal 

mines. Grisou dynamite roche contains 29 percent 
nitroglycerin. 1 percent collodion cotton, and 70 percent 
ammonium nitrate. Grisou dynamite roChe salpetfse 
contains 29 percent nitroglycerin, 1 percent collodion 
cotton. 5 percent potassium nitrate and 65 percent 
ammonium nitrate. 

11-3. German Energetic Materials. Table 11 5 
lists some of the secondary explosives used by the 
Germans. 



TaMt 1 1-5. German Secondary ExplosivM 



English 


0 6 "Ti a n 


DEGN 


Diathylenglykol- 




dinitrat 


Pyroxylin 


Kollodiumwolle 


Pyroceilulose 


Schlessbaumwolle 


Ouncotlon 


Sdiiessbaumwolle, 




schiesswolle 


Nitroglycerin 


Nitroglyzerin 


Nitrostarch 


NitrostaerKe, 
staarkanttrat 
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Tabh f f-5. Qenntn Stoondvy ExptosMss (ConO 



Engkati 


Gtftnm 


PETN 


Peutrit, niperyth, 




nitropenta (NP) 


TEQN 


TriglykoldMlfat 


EDDN 


Diamin 


Nitroguanidine 


Gudol 


TNT 


Fp02 



11-4. Italian Energetic MalarWa. KaHan explo- 
sives are listed in table 1 1-6. 



English 


IIHMII 


Ljsadazide 


Azotidrato di piombo, 




acido di ^mbo 


Ljsad styphnate 


Stifnato di piombo 


Mercury fulminate 


Fulminato-di mercurio 


Tetracene 


Guanilnitrosoammina, 




tetrazene 


OEQH 


Nitrodiglicole, 




nitroeterolo. 




dinitrodietilenglicol 


Collodion cotton 




(11.2 to 




12.3% N) 


Cotone cotlodio 


Pyrooalhjlosa 

(12.5 to 




12.7«/o N) 


Ptrooollodio 


Guncotton 




(13.2 to 




13.4% N) 


Fuimicotoneo eolona 




fulminante 


fMioglyoerin 


Nitro^iosftna 


PETN 


Pentrite, tetranNralo dl 




penaeritrite 


TMETN 


Metriolo (nitrometriolo), 




nitropentagDoerina 


HMX 


CWotetrametilentetranitro- 




ammia, octogene. HMX 


RDX 


v/foonnWi 




ciciotrimalilanlrinilrD- 




ammia 


Nitroguanidine 


Nitroguanidina 


Tetryl 


Telrlle 


Ammoniuni ptorate 


Picrato ammonico, 




ptcrato di ammonk) 


TNT 


TritolO 
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The following explosives are used by the Italians: 

a. Atocite. Afocite is a blasting explosive com- 
position in two fonmjiations. One formulation is 58 per- 
cent to 62 percent ammonium nitrato, 28 peroeni to 31 
percent potassium nitrate, 7 percent to 9 percent car- 
ton, and 2 to 3 percent sulfur. The other formulation is 
S8 to 62 percent ammcNiium nHrato. 31 percent to 38 
percent poiassium oitrate, 3.5 percent to 4 5 percent 
charcoal, 2 percent to 3 percent sulfur, and l .5 percent 
moisture. 

b. AhmoKd. Utose are tito amatols. The most 

popular mixture is tipo 60/40, which has 60 percent 

amnmonium nitrate and 40 percent tnt. Other COmpost- 
tions used are tipo 60/20 and tipo 90/10. 

c. Ammonottto. This is a mining explosive oon< 

tainir>g 76.7 percent ammonium nitrate. 15 percent 
nitroglycerin. 0.3 percent collodion cotton, 0.3 percent 
g^ain flour, and 0.5 percent yellow ocher. 

d. Ammonal. These are mixtures containing 
various percentages of ammonium nitrato, aluminum, 

and TNT. 

e. Ammonite No. 1. This is a blasting explosive 
consisting of 88 percent ammonium nitrate. 3 percent 
ONT. 3 percent nitroglycerin, 5 percent vageiabie flour, 
and 1 percent diphenylamine. 

f Antignson These are permissible explosives. 
Aulignson N.O contains 80.57 percent ammonium 
nHrato. 6.36perDBntdinftronapMhalene, and 13.02 per* 
cent ammonium chloride. Autigri?;cn N. 2 contains 81. 49 
percent ammoraum nitrate, 11.11 percent dinitro- 
naphthalene, and 7.4 peroent ammonium chloride. 
Autigrison N.3 contains 82 perosnt ammonium nitrate, 5 
percent trinitronaphthalsne, and 13 psrosnt ammonium 
chloride. 

g. Autof^. There are two explosive mixtures of 
ammonium nitrate and TNT. In one, used in quarries, 
the oxygen content is 5.9 percent The other, used in 
tunnels, has an oxygen content of 3.08 percent. 

h. BM. These are a series of mining explosives. 

(1) BM.1 . per galieria is a grey powder consist* 
ing of TNT, ammonium nftrato, and themiito. 

(2) BM as oer uso a cielo aperto is a reddish 
powder consisting of ammonium nitrate, cyclic aliphatic 
compounds, and nwtailic powdsrs. 

(3) BM.ac. per uso a cielo aperto is a brownish 
yeltow powder containing ammonium nitrate and TNT. 

(4) BM 57 per uso a cielo aperto Is a greyish 
biack powder based on ammorwum nitrate. 



(5) Super BM. per galieria is a green powder 
which is slightly plastic. The powder contains aronuitic 
nitrocompounds with organic nMraies and ptasUoizars. 

(6) BM.a2 is a brown powder oonteMng 
ammonium nitrate, TNT, and thermite 

(7) Super PM. cav«^ is a grey powder. 

(8) BM.2. pw. yalleria is a grey powder con- 
Mining an inorganic nitrate, organic nNmeompounds, 
and aluminum powdar. 

(9) Carisoniti are percMorate based explosives 
such as one formulation that contains 85 percent KCIO4 
and 15 percent vaseline and another that contains 88 
perosnt KCI0« and 12 percent dinittobenzana. 

i. Italian Dynamites. Italian dynamites ^ire 
divided into two groups, those with inert bases and 
those with active bases. 

(1) Tlie inert base dynamilsa are: 

(a) Tipo I which consteto of 70 to 75 peroent 
nitroglycerin and 25 to 30 percent kieselguhr. 

(b) Tipo II which oonsiste of 50 percent nitro- 
glycerin and kieselguhr. 

(c) Oinamite nera (black dynamite) which 
oonsiste of 46 to 55 psrosnt ntlroglyeeijn and 45 to 55 
percent coke. 

(d) Dinamite al carbonie di legno (charcoal 
dynamite) which consists of 90 percent nttroglycenn and 
10 percent charcoal. 

(e) Dinamite rossa (red dynamite) contains 
68 percent nitroglycerin and 32 percent tnpoli 

(f) Wetter-dinamite (permissible dynamite) 
contains 35 to 40 percent nitroglycerin, 1 0 to 1 4 percent 
tcleselguhr. and 32 to 50 peroent magnesium sulfate. 

(2) The acthre base dynamilaa are: 

(a) Gelatinagomma(6rgelat'na osplodente) 
which is a blasting gelatin with the composition of 92 to 
93 percent iMrogiycerin and 7 to 8 psfosnt eolodion 
oollon. 

(b) Ge'atira espfosiva da guerra which is a 
military blasting gelatin with the composition 86.4 per- 
cent nHroglycerin. 9.6 percent colkxiton cotton, and 4 
percent camphor. 

(c) Gelatina dinamite is a gelatin dynamite 
containing 67 to 86 percent nitroglycerin, 3 to 5.5 per- 
cent collodion cotton, 5 to 25 percent potassium nitrate, 
and 2 to 10 peroent woodllour. 

(d) Ammon dinamite (gelatina 65 percent) 
contains 63 percent nitroglycerin. 2 percent collodion 
cotton, 30 percent ammonium nitrate, ar>d 5 percent 
woodllour. 
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(e) Gelatina dinamite incongelabile o anti- 
gelo, a nonfreezing gelatin dynamite, contains 20 to 25 
percent nitroglycerin. 1 to 2 percent collodk>n cotton. 8 
to 1 2 percent nitrotoluenes. 25 to 60 percent of a mixture 
that contains sodium nitrate and amnrtonium nitrate, and 
1 k» 8 peroefit cereal flour. 

(f) Gelatina 40 percent contains 40 percent 

nitroglycerrn, 10 porcont drip of, 44 percent SOdiurr 
nitrate, and 6 percent cereal flour. The drip oil contains 
liquid DNTa and Is a biproduct of TNT manufacture. 

(g) Ammon'oelaiina I contains 40 peroent 

nitroglycerin which has been gelatinized with collodion 
cotton. 45 percent ammonium nitrate, 5 percent sodium 
nitrata, and 10 percent woodllour. 

(h) Ammon^atina II contains 20 peroent 

nitroglycerin gcla'inized with collodion cotton 75 per- 
cent ammonium nitrate, and 5 percent woodflour. 



(i) Dinamite No. 1 , non-gelatinizzate con- 
taina 70 to74 peroent nitroglycerin and aoto 26 percent 
woodflour. 

(j) Dinamite No. 2. non-gelatinizzate con 
tains 35 to 48 percent sodium nitrate and/or lead nitrate 
(52 to 39 percent) wWi 12 to 17 percent oersal flour. 

(k) Tflrt)le 11-7 lists the composition of some 

more nitroglycerin based dynamites GDI, GDIt, C02, 
GOM, GEO, gomma A, and gomma B are the most 
frequently used. 

j. tXannm. Thte is an explosive which consists of 
69 percent ammonium nitrate. 6 percent KCtO*, 20 par^ 
cent TNT, and 3 percent aluminum. 

k. Diamon IB. This is a mining explosive con- 
taining ammoniimi rriliaie. TNT, woodmaei. 3 to 6 per^ 
cent nitroglycerin, and some ottter Ingredients. 

t. EsptosM Da Mina. Mining expkMlvea are Rstad 
intabtes 11-8 and 11-9. 



raMsfl*7. &pl08M Da ma GMln(M 0<m mmgKoertm 
(Mining Btpbslvaa with mrogfycwin) 
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raMe 11-8. Esphsivi Da Mina Polverulenti Con NltroglfGerfrm 
(Pulverulent Mining Explosives with Nitroglycerin) 
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Table 1 1-9. Esf^ivi Da Mina Pdvmjienti Senza Nitroglicerkm 
(Pulverulent Mining Explosives Without Nitroglycerin) 
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m. Enptoai^ri di Primari. These are primary 
eMploslvM. Mansufy ftjbnlrMte \wm totn ntptaoad by 
M azide and lead slyphnate. 

n. EsplosM di Pinforzo These are the bOOStsr 
explosives RDX, PETN. and tetr>'l are used 

o. EsptosM (tf Scoppio. These are the high 
eMphMfvM. Those which have been uaed Include 

amatolo, ammonal, HMX, PETN, pentolite, RDX, tetryl. 
TNT, trttolital (60 percent TNT 20 percent RDX, and 20 
percent aluminum), and tritolite (60 percent RDX, 39 
percent TNT. 1 percent beeewax). The following bur9^ 

inq explosives havs been patented in Italy ^or military 
use. One is a cast exptosive that is prepared by incor- 
poraMng 75 pensent ROX or PETN wNh 25 pereent 
nitroisobulylglycerol. Another explosive consists of 5 to 
65 percent RDX or PETN with 30 to 90 percent TNT. and 
5 to 30 percent powdered metals such as silicon, boron, 
magnaalum. copper. Iran, aluminum, or zinc. RDX and B 

to 1 4 percent castor oil pressed in the form of beads has 
also been patented. A process for directiy producing a 
cast exploelve has aleo been patented. Mokte or bomb 
bodies are loaded with a granulated mixture of nitrocel- 
lulose and a high explosive followed by the addition of a 
solvent containing a nitrated ester, a stabilizer, a pias- 
tidzar, and sometimes an accelerating agent Tha llnal 
composition of the explosive may be 5 to 36 per<»nt 
nitrocellulose, 33 to 40 percent nitrate ester, 20 to 60 
percent high exploeive. 1 .5to2.5peroentpla8tlelzer, 0.5 
to 0.6 percent stabilizer, and 0.4 to 0.5 percent accel- 
erating agent. The granulated composition is obtained 
by mixing the nitrocellulose, the high explosive, a plas- 
ticizer (diethylphithatate), and a stabMzer (centraHle) 
with a nitrocellulose solvent (acetone). The paste ot>- 
tained is Impregnated in the mold with nitroglycerin and 
thedlsthylphlhalale In asolvent centrifuged, and gelled 
at 50°C. Another explosive consists of RDX or PETN 
with high density nitrates such as lead nitrate, tiarium 
nitrate, and zinc stearate. 

p. Esptoslvo PlastiGO. This Is a plastic explosiva 

suitable for military use which consists of 85 to 89 per- 
cent RDX, 1 0 to 1 2 percent petrolatum. 0.5 to 2 percent 
plastic birKier, and 0.5 to 1 percent glycerophthaltc acid. 
An alumbiizad version coneMsof 64 to 75 percent RDX, 
into 1 2 percent petrolatum, 10to?5 percent aluminum 
powder, 0.5 to 2 percent plastic binder, and 0.5 to 1 
percent giycarapMhaHc acid. 

q. £aPto8^vDS20. This Is a mlNlaiy evplosiva 

which contains 79 percent ammonium nNrate. 20 par- 
cent TNT. and 1 percent woodtour. 



r. Qrisou DinBtrHa. This is a pernii88it}le explo- 
sive containing 88 percent ammonhim nllraie. 10 per- 
oant nilioglycarin, 0.5 paroant collodion ooHon, and 1 .6 

percent woodtlour 

s. Grisounite. This explosive contains 95.5 per- 
cent ammonium nitrate and 4.5 percent trinitro- 
napMhslena. 

t. QrisounitB Qomma. This e}^l08ive contal ns 70 
percent ammonium nitrate, 29.5 percent nitroolyoerin, 
and 0.5 percent collodion cotton. 

u. QrlaounitB Roccia or Rodt Qriioui^.. This 
explosive contains 91 .5 percent ammonium nNrais and 

8.5 percent trinitronaphthalene. 

V. Haxocire, This is a mixture of ROX and beea- 

wax. 

w. Hmodn-^Mumlmim. This e a c p loslw is a mte* 
furs of 80 percent ROX, 5 poreant baas aww . and 15 

percent aluminum. 

X. HoxaHti. These are mixtures of RDX and 
aluminum In various proportions. 

y. AMr. TMs Is tha Italian name for plenlol. 

z. MtecsiB CorPE. A plastic explosive c on s i st 

ing of RDX and a plastlclzer Miscela C2, which is water- 
proof, consists of ROX, collodion cotton, and a plas- 
tldzar. M is oa la Cs consisis of ROX, tetryl, ooHodton 

cotton, and a plasticizer. Miscela C4 consists of 91 {Mr- 
cent RDX with polyisobutylene and other ingredients. 

aa. NA ' OC. This is the Italian name for ANFO 
exploalvaa. 

bb. NUngKcol. This exploelve Is also oaHad 

dinitroglicol in Italian. The English term is ethyleneglycol 
dinitrate. This compound is used in many countries as 
an antifreeze in nitroglycerin mixtures such as dyna> 
mile. 

cc. Nobelite Galteria. This is a mining explosive 
consisting of 37 percent nitrocellutose, 34 percent 
KCIO4, 24 percent NaNOa, 3 percent DNT, and 2 per- 
cent mineral oil. The temperature of explosion is 
2,800*0. At about 130°C the explosive bums in air. 

dd Nougaf or MST. This is an amatol type 
explosive used as a shell filler which consists of 49 
pareant ammonium nitrala, 44 pscoent TNT, and 7 par* 
cant dinitronaphthalene. 

ee. NTP. This is a military explosive that consists 
Of 77 percent ammonjum nitrate, 20 percent RDX, and 3 
paroatit paraMn. 
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ff. (MkfuUe. This is ons of ttw liquid air expio- 

sives preparpfi in situ by pouring liquid air or liquid 
oxygen into a mixture of three parts cart)on impregnated 
wilh two parts petralBuni. 

gg. Qxifta. This is another Iquid air or oxygen 

explosive prepared in situ. The fuel in this explosive is 
fc^il flour that has been impregnated with petroleum. 

hh. PwitrU(^o. In Italian this is aiso called pentrol. 
The English name is penlollte. 

ii. PWP EspAiMfvD. This is an atcplosivo usad for 

press loaded projectiles that consists of 20 paro o nt 
PETN. 77 percent ammonium nitrate, and 3 |)aroant 

[|. Pdhnm FB. Thara are 6fX) and 900 eaiorfa 

types which contain 32 and 31 percent ntroqiycerin, 57 
and 61 percent nitrocellulose (12 percent nitrogen con- 
tent). 9 and 5.5 percent l)tityl|)hthalate, and 2 and 2.5 
parcant oantralila. Both ara uaad in rapid lira cannons. 

kk. Potvere !'C The e n o 860 and 960 calorie 
typ^ which contain 28 and 32 percent nitroglycerin, 64 
and 62.5 percent nitrocellulose (12 percent nitrogen 
oonlanQ, 4 and 3.5 percent centralite. and 1 and 0.5 
paroant vaseline Both are used in rapid fire cannons. 

II. Polvere NAC There are 860 and 960 calorie 
types which contain 27 and 32 percent nitroglycerin, 66 
and 63 paieani MroacMyicaNuiaae (1 1 .2 parosnt nitro- 
gen content), 7 and 4 percent centralite. and 0 and 1 
percent OPhA Both are used as cannon propellants. 

mm. Polvere Nera. Italian for black powder. 

nn. Polvere at Nitrodiglical. There are 660 and 
730 calorie types which contain 68 and 27 percent 

DEGN 30apd63 5 percent nitroacetylcellulose, 0 and5 
percent acetylcellulose. and 2 and 4.5 percent centra- 
Ma* 

00. Potven al NHronwlrioto. These are propet- 
lants with TMETN. M4 M6 and M8 have compositions 
Of 55.5, 57.5, and 59 percent TMETN; 40, 36, and 33 
percent nitrocelulose; 2.S, 4.S, and S.9 parcant aoa^ 
metrioi; 2, 2, and 2.5 paroant centraiita. 

pp. Polveri da Lancio Senza Fumo. These are 
the smokeless propeiiants. These are divided into single 
based propelants wHh a vdatile solvent, doubie baaed 

propellants with nitroglycerin, doubieHsaae propellants 

without a volatile solvent, double-base propellants with 
a volatile solvent, and propellants with several compo- 
nents. 

qq. T4 Plastico. Two mixtures are known. One 
has 89 percent RDX and 11 percent vaseline and the 
ottter has 78.5 percent RDX, 1 7.5 percent DEGN (which 
oonlains 0.3 to 0.4 psrosnt colddfon cotton), and 3 
percent vaaaine. 



rr. TatntfiAinoauliM. Thisisanexploalveuaedin 

crystal form in some detonators. 

ss. Tetritot Italian for tetrvioi 

tt Trinitrofloroglucinato di Piombo. This com 
pound is used in some initiating compositwns in place of 
lead slyphnate. 

uu. Umbrite. There are two formulations of this 
explosive. Umbrite A contains 48 4 percent nifro- 
guanidme. 37.3 percent ammonium nitrate, and 14.3 
percent ferroslNcon. Umbrite B contains 45.1 paroant 
nitroquanidine 41.4 percent ammonium nitrate, and 
13.5 peioent lerrosilicon. Both are used as bursting 
charges In some projectiles. 

11-5. Japarwse Energetic Materials. Tattle 11-10 
lists the Japanese exptoslves. 



TaMs ll'IO. Japanese Explosives 



Er>glish 


Japanese 


Lead azide 


ChlkkBen, chUdw namari 


Mercury fulminate 


Raiko, raisan 


Nitrocellulose 


Shokamen 


Guncotton 


Menyaku 


Nitroglycerin 


Nitorogurteerfn 


PETN 


Shoeiyaku 


RDX 


Shouyaku, tanayaku 


Tstryf 


IMsiayaicu. sanshotcl. 




mechira nitroamin 


Ammonium picrate 


Picurinsan ammonia 


TNT 


Chakatsuyaku, 




santrtioldtoruoni 


Anunonlum nilrale 


Anwnon sfiosanen 



The toliowing Imited data is avalitfile on the most cu^ 

rentty used Japanese energetic material. Japan has r>o 
army but has a national self defense force. Energetic 
materiai research is done for this organization. Current 
developments and usage are along the lines of thai in 
the western countries. 

a. AkatsuM. This is an ammonium nitrate expto- 
sive containing 73 to 75 percent ammonium nitrate. 5 to 
6 pereent nNroglyosrin gel. 3 to 6 percent celluloae, and 
9 to 14 percent other ingredronts. The expk>sive has a 
detonation velocity of 3,490 meters per second, an 
empirically (tetermined detonation pressure of 42.3 
kilobars, and a calculated dstonatlon pressure of 33 
kilot>ars. 

b. Ammonaru. This is the Japanese name for 
ammonal. 

c. KokiMiokuyMu. This is the Japanese name 
florfalack powder. 
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d. Chauyaku. This is the Japanese name for 
SO/50 cydotol. 

B. Dainamaito. This is the Japans name for 
dynamfte Japanese dynamites are based on nitro- 
glycenn and are brown to buff in color. Some types of 
dynamites contain nitrocallulase and ottwrs contain 
diatomaceous earth. Some gelatin dynamites, the 
so-called faint smoke dyrtamites. contain borax or salt 
^k>nfraezlng dynamites contain nltroolycoi or dinltro- 
glycerol. The Japanese also produoa ammonium nitrala 
ar>d semigelatin dynamites 

f . Pwtoriru. This is the Japanese term for S(V50 
pentoMe. 

g. SyNMtfiyaAii. These ate a series of mining 
explosives wMcli consist of Ihe foitowing: 

{^) No. 1 contains 70 percent ammonium 
nitrate, 9 percent dinitronaphthalene, 1 percent 
woodmeal» and 20 peicant salt 

(2) No. 2 contains 70 percent amrmmium 

nttrate. 10 percent dinitronaphthalene. 1 percent saw- 
dust, and 10 percent sodium chloride, 

(3) No. 5 contains 64 percent ammonium 
nitrate. 12 percent TNT. 3 percentwoodmeai. 1 percent 
wheat starch, and 13 percent sodium chloride. 

(4) No. 7 contains 75 percent ammonium 
nitrate, 9 percent dinitronaphthalene. i .5 percent TNT, 
1 .5 percent woodmeal. and 13 percent sodium chloride. 

(5) Special contains M percent ammonium 

nitrate, 3 percent dinitronaphthalene, 7 percent TNT, 2 
percent nitroguanidine. 2 percent sodium nitrate. 2 per- 
cent woodnrteai, and 20 percent sodium chloride. 

h. ShoHa^aku. Thie is the Japanese name for 
amatol. 

1l-«. Ruaelan Ekieigelie MalsrtBls. Table 1M1 
lists some explosives used isy Russia. 

Table 11-11. Russian Explosives 



EnflHih RumIm 



Ijsad azide Azid svintsa 

Lead senate Stifna> svintsa. 

teneres 



Table 11-11. Russian Expiostves (ConQ 







Tetracene 


Tetratsin 


Mercury fulminate 


Gremoochaya rtoof 


Guncotton 


Khlopchatolx>omazhnyi 




porokh 


Pyroxylin fN -12%) 


Kolloksilin, pirokslin 


Pyrocelluloee 


Piroksilin No. 2. 


(11.5%<N<12o/o) 


* pirolcoliodion 


NHrogiycerin 


Nitroglitaerin 


PETN 


Ten 


HMX 


Oktoghen 


RDX 


Gheksoghen 


Tetryl 


Tetril 


Ammonium picrate 


Pikrat ammoniya, 




pHwInovoidsiyi ammonii 


TNT 


Toe, trotil 


Ammonium nitrate 


Ammoniynaya setitra 



The following energelfe mateffals are used by Ihe 

Russians. 



a. A or AT. This is the Russian abbreviation for 
amatol. 

b. A4X-2. This is an explosive mixbjfe used a» a 

projectile filler that contains 73 percent RDX.23pereont 

aluminum powder, and 4 percent wax. 

c. Akvanity (Akvanites). These are a series of 
industrial expiosivee. 

( 1 ) Plastic akvanites No. 2 and No. 1 6 have, in 
contrast to dynamites, a plasticizing base consisting of 
an aqueous solution of potassium nitrate thickened to a 
g o i We e consistency In whteh ammonium nitrate and 

other constituents (such as combustiblesi are also par- 
tially dissolved. Their liquid phase at normal tempera- 
ture is about 20 to 25 percent, of which 5 to 7 percent is 
water. 

(2) Slurry-type akvanite 3L (where L stands for 
I'yonshchiysya-pourable), uses as a base a thickened 
aqueous solution of ammonium nitrate making up 45 
percent of the Nquid phue. Other ingrsdtonls are as In 
dynami'es Akvanite 31 has a liquid-viscous consis- 
tency and therefore is suitable for chargir>g descendmg 
Mastholes and dr l iwle s by the method of casti ng or by 
oompresaion under water. 
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d. Akvatoly (Akvatols). These are industrial 
slurry explosives. Akvatol 65/35 contains granulated 
ammonium nitrate as an oxidizer, 27 to 30 percent TNT 
M « oombuslibie and sensitizer, and 2.5 to 3.5 percent 
of the sodiun salt of carboxymethylcelluloso which is a 
thickening agent. Akvatoi M-15 contains granulated 
ammonium nitraie. 12.5 to 13.2 percent coarse 
aluminum powder, 21 to 22 percent TNT, and 1 .0 to 1 .5 
percent of the sodium salt of cart)oxymethyl cellulose 
The water content of akvatol slurries must not exceed 1 3 
to 25 peroent by weigiiL in eome cases the sodium 

carboxymethylcellulose can be replaced by other bird- 
ing agents such as borax or poly aery lamKle powder. 
Aicvatols are usually prepared at plants and shipped in 
the form of anhydrous friable mixtures, packed in paper 

bags for the addition of wafer at the site of use. They can 
also be shipped in ready to use water fiiled slurries. 

e. MyumtOoly (Akmmtola). Tlieee are combina- 
tions of ammonium nitrate, TNT, and aluminum. 

Russian alumatols are granulated and waterproof They 
are used in open cut work for breaking veiy hard rock. 

f. Alyutt^ No. 1. Ttils is a Russian commercial 
explosive that consists of 80 percent ammonium nilrate» 
12 percent TNT, and 12 percent aluminum. 

g. Aiyumotol, This is a granulated melt of TNT 
and aluminum, 

h. AnwM. This lathe sameas amatol in EngNsli. 

i. Atnmola^ or J^nmoKyfy. Thtolsanon- 

pernnissible mining explosive that consists of ommt^ 
nium nitrate and trinitroxylene. 

j. Ammonaty. This is the Russian name for 
ammonals. 

k. Ammonlty (Amamt^). Ammonits are ammo- 

nium nitrate mixtures of powdered stnictu'o in which 
TNT or other aromatic nitrocompounds are used as the 
exploeive sensitizer andfuei. In grain or granulated form 
they are known as zemogranuMty. TDe most currsnt 
ammonits are: 

(1) No. &>ZhV and No. 7-ZhV are waterproof. 
The oomiMMition cf the tivo is: 

No. e No. 7 

Ammonium nilraie (%) 79 61.5 

TNT (%) 21 16 

Woodmeal (%) - 2.5 

f ?\ PZh V ?o, AP-4Zh V, and AP-5ZhV are rock 
oriented. The composition of these is shown in 
table 11-12. 
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Table 1h12 Some Arnrnonit5 Formulations 





PZhV-20 


AP^V 


AP^V 


Ammonium nitrate {%) 


64 


68 


70 


TNT (%) 


16 


17 


16 


Flame inMbllor<<K») 


20 


15 


12 



(3) Ammonit skal nyi No. 1 is used in the 
pressed Slate for blasting hard rodcs in open or under- 
ground works. 

(4) Ammonit V-3, shnekovannyi is used in 

fkwded drill holes. 



(5) No. 9-2hV and No. 10-ZhV are waterproof 
mixtures used for blasting soft or medium rocks. Their 
compositions are: 

Na s No. 10 

Ammonium nitrate {%) 87 65 

TNT(%) 5 6 

Woodmeal (%) 8 7 

(6) Ammonit sernyi No. 1-ZhV, for use In sulfur 
mines, consists of 52 percent waterproof ammonium 
nitrate, 11.5 percent TNT. 1.5 percent woodmeal *> 
percent of a mixture of low freezing point nitroesters. 
and 30 percent flanw inhibilor. 

(7) Ammonit neftyanoy No. 3-ZhV, for use in 
mines with petroleum vapors, consists of 52 5 percent 
ammonium nitrate, 7 percent TNT, i .5 percent calcium 
slearate. 30 peroent flame InNbilors. 9 percent nitro' 
esters, 0.3 percent coflodlon cotlon, and 0.2 percent 
soda. 

(6) Ammonit T- 19, a safety explosive used in 
fiery mines, consists of 61 percent waterproof ammo* 
nium nitrate, 19 percent TNT, and 20 peroent flame 

inhitMtor. 

(9) Shashki (demolition charges) skal nago 
ammonita are compressed chargee which eerve as 
intermediate initiators for detonating nearly insensilive 

explosives. 

I. Ammonit Pr&doMiranitel'nyi. This is a safety 
oommerdaf mine explo^ve which consists of 66 percent 
ammonium nitrate, 10 percent TNT, 2 percent pow- 
dered pine bark or oil cake, and 20 percent sodium 
chk>ride. 

m. Ammonit V-3V Poroshke. This is a powdered 
explosive that contains 62 percent nonwaterproofed 
ammonium nitrate. 16.5 peroent TNT, 1 percent asfaTtit. 
and 0.5 percent paraffin. 
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n. Ammontol. This is a castable high explosive 
mixture of SO percent ammonium nitrate, 38 percent 
TNT, and 12 percent trinilroKylene that is used (or load- 
ing some projectiles. 

o. Belity (BelUtos). These are extensively used 
commercial mining and biaaling explosives. Tlie fol- 
iowing compositions are used; 35 percent aTrnonium 
nitrate and 65 percent dinitrobenzene, 87 percent 
ammonium nitrale and 13 percent dinitrqbenzene, and 
80 percent ammonium nitrate. 1 2 percent IrlnKroxylene, 
and 8 percent dinitrotienzene 

p. Buryi Shokoiadnyi Porokh. These are the 
Russian brown powders. Brown powders are very simi* 
iarto black powders except that the charcoal is brown 

because carbonization is only carried out to 70 to 75 
percent. This is called buryi porokh, and is slower burn- 
ing than biacic powder. A atil slower brown powder is 
shokoiadnyi porokh which has charcoal with a carbon 
content of 52 to 54 percent. Brown powders have been 
used in delay compositions and for Vme rings of fuses. 
The composition of some of Itiese brown powders ia 
listed in table 1M3. 



TaUe 11-19. Ruaskm Brown Pbwcfers 





No. 1 


No. 2 


^to. 3 


Brown coat {%) 


4 


6 


7 


Potassium nitrate {%) 


59 


67 


76 


Sulfur m 


37 


27 


17 


Velocity of burning 








(millimeters per 








second) 


3 


3.8 


3.4 



q Chai-nyi Porokh This iS Russian for b'ack 
powders which are also called pymnyi (smoke) porokh. 
TaWe 11-14 lists typical compositions. 



Table 11-14 Russian Black Powders 







Sutlur 


Charcoal 


Military (%) 


75 


10 


15 


Fuse powder (%) 


78 


12 


10 


Blasting (%) 


75-84 


8 - 10 


8 - 15 


Blasting (<Vo) 


66.6 


16.7 


16.7 


Tubular (%) 


60-75 


13-37 


4-7 


Sulfurless f^'o) 


80 




20 


Sporting (%) 


74 - 78 


8 - 10 


14 - 16 


sjxirting (%) 


80 


8 


12 



r. Oetoriity These are powdery, water resistant 
exptostves used in hard rock blasting. Table 11-15 lists 
typical compositions. 



Table 11-15. Detonity 









ISA - 10 


Lowfreezino ooint 








oraanic nitrates l^Hiik 


6.0 


10.0 


14.7 


Ammonium nitrate 








(water reeislant Zh>0 (^) 


78.0 


76.0 


74.0 


TNT f^'r;) 


11.0 


8.0 




Aluminum oowder 1^q\ 


5.3 


5.2 


10.0 


Cc^um stearate (<Vo) 


0.7 


0.7 


1.0 


Collodion cotton (°/o) 




0.1 


0.3 


Sod^ (added above lOOiVo) 


0.2 


0.2 


0.2 


Density, grams per 








cul)ic oenflmetor 


1.1 


1.1 


1.1 


Detonation velocity, 








meters per second 


4.000 


4^ 


4.300 



e. OftMritaM'. Itiis to an explosive mixture that is 
used to fill shells and as a commercial blasting agent 
Dinaftalit contains 88 percent ammonium nitrate. 1 1.6 
percent dinitronaphthalene. and 0.4 percent parafHn. 

t. OfriMranafMn. This is Russian for dinitro- 
naphthalene This explosive is very weak and has an 
unsatisfactory oxygen balance. Dinitronaphthalene is 
not used alone, but is used as an Ingredient in several 
composite explosives. 

u. Dinamity. These are the Russian dynamites. | 
Tf>e following types are used: 

(1) Gremuchii studen' is a blasting gelatin that 
contains 87 to 69 percent nitroglycerin and 7 to 13 
percent collodion cotton. 

(2) Plasticheskii dinamit is a plastic dyrtamite 
that contains 62 to 83 percent nitroglycenn, 3 to 6 per* 
cent collodion cotton, 27 to 29 percent potassium or 
sodium nitrate, and 2 to 8 percent woodmeal. 

(3) Grisutin contains 12 to 30 percent nitro- 
glycerin gelatinized by collodion cotton and 70 to 88 
percent ammonium nitrate with an absort)ent such as 
Hmestone or satwdust. 

(4) AM-8 contains 89 percent ammonium 
nitrate, 8 percent paraffin, and 3 percent mineral oii. 

(5) AM- 10 contains 67.7 percent ammonium 
nitrate, 10 percent paraffin, and 2.3 percent mineral oil. 

V. Gmmmona/. Theee are powerful, granuialad 

ammonals with an increased aluminum content. They 
are used in open pit blasting of hard rocks. 

w. Granulity. These are granulated mining 
explosives. Typical compositions are given in 
tflUe 11-16. 

( 
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Table 11-19, OeamMy 



UNnponMiB. granuMM; 


AC-8 


AC-4 


C-2 


M 


Ammonium nitrate. 










granulated (%) 


69.0 


91.8 


92.6 


94.5 


Aluminum, 










powdered ("/o) 


8.0 


4.0 






Woodmeal (%) 






3.0 




Mneral oH (%) 


3.0 


4.2 


4.2 


5.S 


Detonation velocity, 










meters per second 


3.000 


2,600 


2,400 


2.500 


Trauzl test value. 










cubic oandfiwlsn 


410 


390 


320 


320 



X. Igdanit. This is an ammonium nitrate, fuel oil 
explosive that is prepared in eitu Just before use. 

Reported compositions vary from an ammonluin nitrsle 
composition of 94 to 97 percent. 

y. Mansit This is an explosive mixture that con- 
sisis of 72 percent snmMnium nNrate, 23 percent 
snimonium picrate, and 5 percant petroleum aqstwlt. 

z Miporit. This is an explosivp used in gaseous 
mines that contains 65 percent waterproofed ammo- 
nium nitrate, 15 percent TNT. 1 6 pereeniname InNbilor. 
and 2 percent foamed urea-formaldebyde resin. 

aa. Pobedit VP-4 This is a pernissiblp explo- 
sive used in fire damp mines that consists of 65.5 per- 
cent water resistant ammonium nHrate, 9.0 percent low 
freezing point organic nitrates such as nitroglycerin and 
nrtroglycot, 12 percent TNT, 12 percent flame extin- 
guisher, 1.5 percent woodmeal, 0.13 percent collodion 
cotton. 0.1 percent calcium steariMe. end 0.1 percent 
soda. 

bb Selectite No 1 (Celektit No 1} This is a 
granulated, friable, water resistant ammonium nitrate 
SKptosive witli 10 percent low freezing point nM«te 

CC. Slurry E^eplcsives These consist of ammo- 
nium nitrate in a thicker^ed, water based suspension 
deacribed in Chapter 8. Akvafols 66/36 and M-1S are 
conaidared aluny mploiivaa. 

dd. Tetritoly. This is Russian for tetrytol. 

ee Ugfenity These explosives, which are also 
called ooglenity, are coal mining explosives used in 
firedamp and dusty environments. Tbey areammonium 
nitrate based. 

ft, Zernogranootity Waterproof ammonium 
nitrate explosives used for blasting rock oi moderate 
hamdness or hard rock on Ifoodsd taces. 



11-7. Spanish Energetic IMaterlals. Table 11-17 
lists some of the explosives used t>y the Spanish. 



Tabhll'l?. Spanish Exphsiiw 



English 


Spanish 


Leadazide 


Azido de plomo 




nitruro de plomo, piumbazida 


Lead styphnate 


Stifnalo de plomo« 




trinitroresorcinato de plomo, 




triginato. tricinato 


Tetracene 


Tetraceno 


Mercury fulminate 


Fulminato de mercurfo 


Collodion cotton 


Algodon colodio, 


(N about 12«/o) 


cotone colodio 


Gunootton (fl>12" o) 


Algodon fuiminalBt 




algodon polvora, fubniooton 


Nitroglycerin 


Nitroglicerina 




aceite explosivo 


PETN 


Pentrita, nitropenta, 




nitropentaeritrita 


RDX 


Hexogeno. T4, exogeno, 




cidonita 


Tetryl 


Tetralita. tetralo, 




tetranitrometilanilina 


Ammonium picrate 


Picrafo amonico 


TNT 


Trilita. trotilo. 




tof, trinitrotoiueno 


Ammonium nitrate 


Nitrato amonico 



Tlie following explosives are used by the Spanish. 

a. Amatolos This is Spanish for amatols 

b. Amonales. This is Spanish tor ammonat. 

c. Amonitas. These are explosives that contain 
from SO to 1<X) percent ammonium nitrate, other nitrated 

products, and a small portion of other substances such 
as nitroglycerin, sawdust, and dichromates. Some 
explosives of this type are called explosivos lavier, aus- 
tralita roburita, donarfta, and perdita. Such mixturss are 
somewhat more sensitive to shock and friction and have 
a lower rate of detonation than other ammonium nitrate 
explosives. Their hygroscopicity and relative instability 
in prolonged storage are the principal disadvantages. 
They are used in mining operations and as main 
charges m some projectiles. 

d. An^on. This is an ammonal type explosive 
Kvhich contains 70 percent ammonium nitrate, 20 per- 
cent aluminum zinc alloy, and 10 percent charcoal 

e. Antigrisu Explosives. These are permissible 
explosives also known as explosivos de seguridad. 
Table 11-18 lists some compositions. 
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rattti 11-18, Sp«nte/i Arttf^isu B^rioaives 





No. 1 


Na2 


No . 3 


Ammonium nitrate (%) 


80.6 


80.9 


82.0 


DinftronaphHtatene ("Kt) 


6.4 


11.7 


• 


Ammonium chloride (%) 


13.0 


7.4 


13.0 


Trinttronaphthatene (%) 






5.0 



f. B&Mol. Thasa are high explosivea that oon> 
tain from 1 0 to 70 percent barium nHrala and TNT. Thay 

are used as bursting charges 

g. IXnamitas. This Is Spanish tof dynamite. 
Thasa ara oonsidafad induatriai Mploaivaa. Spaniah 

c!vnamitos can badhridadinlotwogroupaiwthvariabla 

composition. 

( 1 ) Oinamitas a t>ase inerte are dynamites with 
an inert base. To tNa daas betong the compositions 
containing 75. 50, or 30 percent nitroglycerin with 
kieselguhr. They are calted number 1 2 and 3 depend- 
ing upon the nitroglycerin content. Dynamite 3 is the 
most popular type. 

(2) Oinamitas a base active are dynamites with 
an active base. These dynamites contain a combustible 
matenal or explosive material as the active base. The 
type of iMwe material further dividea these into eiasees. 

<a) Dinamilaa a t>a8a de nitratos use nitrates 
of ammonium, sodiurrt. or potassium andaoombualit>ie 
such as carbon, sawdust, or flour. 

(b) Oinamitas a base de chloratos use 
potassium or sodium chlorate in place of nitratee. 

(c) Oinamitas gelatines contain collodion 
cotton in sufficient proportion to gelatinize the nitro- 
glycerin. Compositions that contain only nitroglycerin 
and collodion ootlon are called goma. Ai others are 
called gelatine dinamita mtrngelatina. or s-mpiy 
gelatina. If a dynamite less sensitive than gomas is 
desired, three to Ave percent camplior to added. Such 
compositions are called gelaUnas exptosivas de guena 
(military gelatins). 

h. Dinamones. Oinamones are permissible 
explosives similar to anwnitas except that they do not 
contain aluminum or aromatic nitrooompounda. 

i Donarita. This is a mining explosive that con- 
tains 80 percent ammonium nitrate, 12 percent TNT, 4 
percent gelatinized nitroglycerin, and 4 percent 
atoodmeal. 

j. Explosivos cloratado. This class of explosivas 
contains 60 to 80 percent chlorates or perchlorates of 
sodium, potassium, or ammonium mixed with a com- 



bustible material such as carbon suifur or aluminum. 
Organic combustibles such as vaseline, paraffin, or oils 
may also be used. These eMptaaives ara similar to 
ammonium nitrate but have a greater packing density 
and ara more sensitive to impact The explosives are 
used as a subaWute for dynamHa in mining operatlona. 

It. Expilt>sfW»Ata8lfeo'XaMafwi0aa.'' Thlsplaa' 

tic explosive consists of 85 percent RDX, 5.5 percent 
rutibar, and 9.5 percent gelatinizing oil. The composite 
to oflow sensilhrity. At 206'C deoompoaition without 
explosion occurs but with the evolution of heavy nHvous 

fumes A carbonaceous residue is left 

I. Hexogeno Plastico. These are also called 
piastex or PE. Thay correspond to American composi- 
tion C. The explosive to prepared by coating granular 
RDX with 12 percent vaseline and other oily sub- 
Stances. The product is a yellow colored, plastic mate- 
rial which can be cut perforated, and handtod without 
extra precaution. Initiation is relatively easy with a 
tiiasting cap or vanous detonators. In extreme climates 
this explosive must be stored in protected areas. Ho 
caaing to required in aome demoMion appHcaiona. 

m. Hexonitas. These consist of 80 or 50 percent 
RDX and 20 or 50 percent nitroglycerin The 50'50 
composition can be further gelatinized and plasticized 
wWi aome coOodton ooHon. A mixhiffe of SO percent 
RDX, 46 percent nitroglycerin, and 4 percent coOodton 
cotton is called hexonita gelatinizada. 

n. Qxiliquita y Aire Uquido. This is an explosive 
of liqiM oxygen or liquid air with finely pulverized char- 
coal, cork dust, or other absort)ent fuel. 

o Poh'oras Negras This is Spanish for black 
powder. Spanish b^ack powders are divided into three 
groups. 

(1) Polora de guerre, military Mack powder, 

contains 75 percent potassium nitrate, 12.5 percent 
charcoal, and 12.5 percent sulfur 

(2) Polvora da caza. sporting powder, containa 
80 pafoanlpotaaalum nitrate. 11 peroent charcoal, and 

9 percent sulfur. 

(3) Polvora dc mina, blasting powder, contains 
80 percent potassium nitrate, charcoal, and sulfur. The 
exact paroentagaa of charcoal and auHur are untatown. 

p. TaMM TNatoSpantohlortatrytal.Tha 
Spanish uaa latiitol aa a bursting charge and aa a 

t)ooster. 

q. Tonita. This is a mixture of 68 percent barium 
nitrate, 13 peiceni dinifeobenzene. and 1 9 pafcant gun- 
coDon. 



11-14 



Digitized by Gopgle 



r. Triplastita. This is a gelatinized mixture of <ini< 
trotoluene and guncotton that is less sensitive and more 
densethanTNT. TriplastHais used as abursting charge 
in some ammunition. 

s. Tritolita. This is Spanish for 50/50 cyclotol. 

t Thtolitat This explosive, also called torpex, is a 
castaOie mixture of 60 percent TNT, 20 percent ROX, 
and20pefoent aluminum. Tritolilalisusedasabursling 
chaige in deptti diaigea and bombs. 

t1-«. Swfedlah Enafgellc Malerfala. As in the 

United States. Sweden's explosive industry consists of 
twth privately owned and government facilities. 
Together they provide virtually all of the country's explo- 
sives pius significant amountsfor export. The only Hems 
obfn;npr! abrnnd nre initiating components such as 
pnmers and detonators. Sweden, however, is heavily 
dspendent on imports for certain basic raw matertals 
such as petroleum, coal, colte, cotton, sulfur, and 
others Table 1 1-19li8tssomeoftheexplo8iveeusedby 
the Swedish. 



Table 11-19. $w9<lfah Explosives 





SiMdWi 


Lead azide 


Biyazid, biyaad 


Lead styphnate 


BIystyfnat. 




blythnltrorseorcinat 


Tetracene 


Tetrazen 


Mercury fulminate 


Knallkvicksilver 


NsrooeHuioee 


Nitrocelulosa 


Pyroxylin 


Piroxilina 


Nitroglycerin 


Nitroglycerin 


ROX 


Hexogen 


PETN 


Pentyl 


Tetryl 


Tetryl 


TNT 


Trotyl 



a. Ammongelatm Dynamlt. This is a gelatin 
dynamite. One formuiaiion contains 71 percent nitro- 
glycerin, 4 percent ooliodion cotton, 23 peiosnl emmo- 
nium nitrate, and 2 percent charcoal Another formula- 
tion contains 25 percent nitroglycerin. 1 percent collo- 
dion cotton. 62 percent ammonium nitrato. and 12 pe^ 
cent charcoal. The first of these two compositions is 
gelatinous; while the second i"> crumbly and plastic The 
tiastc formulations change by incorporating other explo- 
sives such aa Hquid ONT, TNT, trinitroKyiene. nilro- 
starch. or nitroglycols. Such additives art not only as 
seraitizers for ammonium nitrate, but some also serve 
as antififeeze compounds. 



b Arvmoniakkrut This is an ammonium nitrate 
dynamite that consists of 60 percent ammonium nitrate 
and 20 percent charcoal. A modification of this mixture 
contains 80 percent ammonium nitrate. 12 percent 

nitroglycerin and 8 percent charcoal This modified 
mixture has been used somewhat but was found to be 
hygroscopic and exuded. 

c. Blastin Th s is a cheddite type safety explo- 
sive consisting of 63 percent ammonium perchlorate. 23 
percent sodium nitrate, 8 percent ONT, and 6 percent 
paraffin. Blastin Is rsfwrted to be 50 percent mora pow* 
erful than dynamtte and has been usedejrtsnsivelyasa 
ttlasting ana demolition explosive 

d. Bonft. This is Swedish for cyclotol. Three 
mixtures of RDXTTNT have been used: 5(V50, 70/30, 
and 60/40. 

e. Bonocord This is a Swedish detonating cord 
which consists of a PETN core covered with braided 
cotton threads and proiected by an outer coaling of 
plastic which is based on polyvinyl chloride or 
polyethylene Bonocord weights 30 grams per meter and 
nas an outer diameter of 5.5 millimeters. The quantity of 
PETN is 12 grams per meter. The detonafion velocity Is 
6,000 to 7,00C meters ncr second Bonocord is initiated 
wilh a number six exploder and is used for direct deto- 
nation of all types of exptoeive charges. 

r. QetaOrwnd Dynamit. These are gelatin 

dynamites. A typical composition is 62.5 percent nitro- 
glycerin, 2.5 percent collodion cotton, 27 percent potas- 
sium nitrate, and 8 percent vvoodmeal. 

g. H9XOM. This isltie specific S wedto h name tor 

60'4n Cyclotol Hcxolol is considered a bonii and is used 
as a cast bursting charge in shells, land mines, demoli- 
tion charges, boosters, and other military applications. 

h. HwfOKu^. This name is appfied to several 

torpex type mixtures used as bursting charges. Some 
itnown compositions are listed in tai)le 11-20. 

Tabh 11-20, HBxototml 





No 1 


No 2 


No. 3 


RDX (%) 


40 


40 


30 


TNT {%) 


44 


40 


50 




15 


15 


20 


Refined paraffin wax ("Vo) 


1 


5 




Wax added to mixture (%) 






1 


Cartxm black added to 






1.5 


mixture (%) 
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i. NobBlit. This is a permissible gelatin dynamite 
containing 28 percent nitroglycerin, 1 percent collodion 
cotton. 40 percent ammonium nKrate, 13.5 percent 
combustibles (such as flour, woodmeal, and dextrin), 1 7 
percent sodium chloride, and 0.5 percent vegetable oil. 

j. Reoiit A,B,C,D,orE and Reomex AorB. These 
are trade names (or slurry blasting explosivee. 

k. SBnmtn. TMe is an ammonium nitrate dyna- 
mite consisting of 72.5 percent ammonium nitrate, 18 
percent nitroglycerin, 8.7 percent sawdust or charcoal, 
and 0.8 percent benzene or creosote. 

I. Sprangdeg. These are plastic explosives that 

usually contain RDX or PETN with a desensitizing oil 
and special plasticizers. One such explosive consists of 
84 percent PETN and 16 percent mineral oil that is 
mimd tiy a Special procedure. The product is moWaUe 
at lemperatores below - IS'C. 

m Spranggelatin. This is a blasting gelatin that 
is prepared by dissolving seven to eight percent collo- 
dion cotton in slightly wamn nitroglycefin. On oooiing. a 
stiff jelly is formed that is one of the most pCNverful 

explosives known. 

n. Startex A. This is another slurry blasting 
agent. 

o. Svulkrut. This is Swedish for Mack powder. 

The composition 'alls wthin the following limits: potas- 
sium nitrate 74 to 78 percent, charcoal 1 2 to 1 5 percent, 
and sulfur 10tol2peroent. For different grades of triack 
powder, charcoals of different origin and methods of 
preparation are used. Powders used in shotgun shells 
contain charcoal from black alder carbonized in fur- 
nacee. Ordinary powders use charcoal made from birch, 
alder, willow c linden and blasting powders use 
pinewood charred In kilns or furnaces. 

p. Territ. This is a cheddite type blasting explo- 
sive that consists of 43 percent ammonium perchtorale, 
28 percent sodium nitrate. 27.6 percent liquid DNT/TNT. 



and 1 .2 percent collodion cotton Another formulation is 
43 percent ammonium chlorate. 26 percent ammonium 
nitrate, and 31 percent of a mixture that contains 96 
percent TNT and 4 percent nitrocellulose. Territ is com- 
parable in properties to some low free7ing point dyna- 
mites and is safe to handle. The brisance of the mixture 
is such that in miningcoai or olhernrtning operattonst no 
small dust particulates are formed. Territ is sometimes 
difficult to detonate so present formulations contain 
some nitroglycerin. 

11-9. Swiss Energetic Materia l s. In Switzmtand 

the production of Week powder and propeHanlS is • 
monopoly of the government. The Swiss government, 
however, does not manufacture explosives except for 
smaN quanVUes of primary explosives. Commercial 

firms produce the explosives used by the army under 
strict control by military authorities. Switzeriand does 
not generally export military explosives, however, dur- 
ing times of low usage some export has taken place to 
keep facilities open. Table 1 1-21 lists some of the expto- 
sives used by the Swiss. 



Table 11-21. Swiss Explosives 



Engfsh 




Lead styphnate 


Bleitrinitroresorzinat, 




bieistyphnat 


Nitroglycerin 


Nitroglycerin 


PETN 


Pentaerythnt-tetranitrat, 




nitropentaerythrit. pentrit 




TrinKrctaluol, trotyl 



a. AhMit. This is a permissible explosive that 
containsdl percent ammonium itilrate, 1 7 percent TNT. 
and 2 percent woodnneal. 

b Ammonpentrinit These are blasting expk>- 
sives with the compositions shown in table 11-22. 



Table 11-22. Ammonpentrtnits 



Compoattkxis 


1 


2 


3 


4 


5 


PETN (%) 


40.9 


40.6 


37.0 


31.0 


33.8 


Nitroglycerin {%) 


40.9 


7.6 


7.2 


7.5 


50.7 


Nitroglycol (%) 




2.6 


2.0 






Coiiodkm cotton (%) 


1.6 




0.8 


0.5 


0.5 


Ammonium nitrate (%) 


16.6 


47.5 


48.0 


59.0 


15.0 


ONT (liquid) (%) 






5.0 






VeseNne (%) 


■ 


1.7 


■ 


20 
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Oompoaittons with oollodiCNi cotton are also called 

getatinepentrinit Aluminum can t>e incorporatod to 
ncrease the blast ettect ot ttie explosives. 

c. AmotL TMtislhelnMtotwmeofafreeflowing 
bi*|Mckig«dANFO. 

d. Oeron/efamto Zundschnur 
(Kraltzundschnur). This is Swiss for detonating cord. 
One such cord contains a core of PETN or RDX in a gel 
of oolodion cotton and a liquid exploaivs such as nttra- 

gtyc©rin or nitroglycol. This formulation is coated on 
several textile threads and covered with a tabnc coating. 

e. Ge/aDne - Cheddtt. This is a plastic chlorate 
wploalvo wMch contains 79 poicont sodhm ctiloralo, S 

percent of a liquid mixture of castor oil that coats the 
sodium chlorate, 2 percent liquid ONT, and 14 percent 
TNT that has tieen preheated to 40"C. Some collodion 
oodon may also be inoorporaled into the mixture. 

f. Gelatine - Penthrinits These are plastic, 
nonexudat)ie. explosive blends of PETN and nitroglyc- 
erin af>d other ingredients. If the amount of PETN in the 
fonnulaiionia balow 60 percent. 6 to 7 percent collodion 
cotton is added to improve plasticity Compositions of 
some of the gelatine-penthrlnit and penthnnit are given 
in table 11-23. 



g. Hexal This is an antiaircraft anmiunition fiHer 
that contains RDX and aluminum. The aluminum is 
coated with a water insoluble wax to prevent water- 
aluminum reactions tttat release hydrogen. 

h. Haxonite. These are plastic explosives. One 
fonnulation consists of from 20 to 50 percent RDX and 
00 to 50 percent nitroglycenn. Another formulation con- 
sists of 50 percent RDX. 46 percent nitroglycerin, and 4 
percent coliodi(m cotton. 

i. Matter Explosives. These explosives are 
named after their inventor O. Matter. One explosive is a 
gelatin dynamite that consists of tsr dlstMalee mixed 
with inorganic oxidizers such as nitrates, chlorates or 
perch'oratos Another formulation uses water soluble 
chlorinated hydrocarbons such as chloronaphthalene 
as a fuel ¥»ith a thickening agent. 

j. Nitrogelatinedynamit These are the gelatin 
dynamites that contain 20 to 25 percent nitroglycerin 
gelatinized with collodion cotton, ammonium nitrate, 
and a liquid aromatic nitrocompound sen/Ing as a sen- 
sitizer The nitroglycerin may t>e a 4:1 mixture of nitro- 
glycerin and an antifreeze such as nitroglycoi. The liquid 
aromatic nitrocompound may tie diip oH which Is a 
tiyproduct of TNT manufacture. Some explosives which 
t)elong to the class sicherheitsdynamite (safe to handle 
and transport) include aldortit, gamsit. and telsit. 



TM9 11-23. PmnMnUa 



Composition 
tnd proptriiM 


Pcnthnnrts 


ponthnnits 


1 


2 


9 


4 


s 


6 


1 


2 


3 


4 


PETN (%) 


80 


85 


70 


50 


40 


80 


50 


59.0 


15.5 


50 


Mitrogiycerin (%) 


20 


IS 


30 


SO 


00 


IS 


46 


24.7 


77.5 


46 


Nitroglycoi (°/o) 


* 


• 


m 


« 


* 


S 










Collodion cotton {%) 














4 


0.6 


7.0 


4 


NH4CIO4 (%) 
















15.7 




m 


M (added) <%) 




m 


w 


• 


■ 


• 


• 


• 


• 


30 



k. Nizoi. This IS an explosive that contains meta 
dWlrot) en ienemedemo>e s ensiMwetoinltlatk)nbytlie 

addition of 30 percent PETN The mixture is castable 
because of meta dinitrot>enzene s low melting point, 

«rc. 

1. PenfostH. This is the trade name for a military 
explosive in which PETN Is desensitized with pen- 

taerythrttol tetrastearate 

m. Pentro. This is peAtoiite. which is also called 
psniryl. 



n. Plastolit This is a safe to handle plastic expto- 
sivethat contains 57 percent eodkjm nitrate, 16 pen»nt 

nitroglycerin, 4 percent n'troqlycol 1 percent collodion 
cotton, 13 percent liquid ONT, 9.6 percent woodmeal. 
and 0.1 percent sodium bicarbonate. 

0. ToMU. This is a military explosive used as a 

bursting charge that contains 95 5 percent ammonium 
nitrate and 4.5 percent paraffin wax 

p. Tramex. This is the trade name for a powdered 
nitroglyosrin sensitized explosive. 
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CHAPTER 12 
TOXICITY OF ENERGETIC MATERIALS | 



12-1* GciMral. This section contains 

general Information about toxicity of 
military explosives. All tables in- 
dicating quantity distance saparat-ions, 
■Iwiia distances, etc** bave been re- 



moved from this manual. Applicable in- 
formation nay be found in DoD 6055.9- 
STD, Ammunition and Explosives Safety 
Standards. 



^2-2* Toxicity of United States Military Explo- 



t. Many exptosivss. because of itisir chemical 

Mrudures, are somewhat toxic To be acceptable a 
miKtsry eiiptosive must be of minimum toxiaty. Careful 
Mention must be paid to this feature because ti>e 



effects of toxicity may vary from mild dermatitis or a 
headaeht lo teriovsdamioe to mtamai oinans. 

b. Tsble 12-1 Is • concise pressntstlon of tht 

tox icofogicai properties Of aeleoted Unliad Stales vM' 
tary explosives. 



raws 12-1 ToKleltyoHMIMSttmiimmy&fplothmt 







PmiMetfa nsHuwi 


Lssdaiidt 


Lead azide is not considered to be partlculsrty toxic 

but intialation of the dust should be avoided since this 
causss a hsadache and distention of the blood ves- 
sels. 


Avoid inhalation. Tolsranea level 
below 0.2 miigrains par cubic 
meter in air. 


Mercury fulminate 


Poisoning has symptoms of mercury poisoning. At 
low levels causes dermatilis and irrNation of Itie 
muoous nombranes* 


Avoid all routes of exposure. Toler- 
ance leyelbelowO.0l mHHgfamspar 
cuDic meiai HI ail • 


Bootttrtng 9xpk>$ivBS 






PETN 


PETN is not unduly toxic sinee it is nearly insoluble in 
water and usually is handled while wet. It. therefore, 
canr>ot t>e absorbed through the skin and inhalation 
of tite dust is improbat>le. Tests fiave shown that 
sman dosas of PCTN cause dtcraasa in Mood praa- 
sura; laigar dosas causa dysprtaa and cofwuWons. 




Tsbyl 


Moderately toxic by inhalalion or ingestion. 


Avoid inhalation or ingestion. 




Tetrylhasasliong coloring actfononHia human skm 
and can eauaa a darniaUlis. 


To minimize theee eftods, use ooW 

cream containing 10 percent 
sodium perborate. 




Inhalation of tetryi dust has recognized toxic effects. 


Avoid inhalation. Tolerance level 
below 1.5 milligrams per cubic 
meter In air. 



Ik 
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Table 12-1 . Toxicity ot UnHed States MiUtvy Explostves (Cont) 



i 



ROX 



MunMora workers tiiw m pftoneed aeuM RDX 

intoxication mamly from inhaling ttw fine particles; 
ingestion may have been a contributing factor. 
Troops have occasionally suffered symptoms of ROX 
inloxicatioti fojiowing consumption of Compoaition 
C-4, a plastic explosive containing 91 percent RDX 
Composition C-4 was chewed by sokliers to produce 
the ''higli'* of elhyl alcohol or It ««•• tiMd at a IM for 
cooking. In the latter case, the victims may have 
inhaled the lumes or inadvertently introduced ROX 
into their food. Acute effects were seen witNn a few 
hours of «xposure. ie. after a Mint parlod. Tho 

course of acute RDX poisoning appears to follow a 
gerteral sequence, though some symptoms may tie 
missing in any indMdial catm nM e tMmta md 
hyperirritability; headache, weakness: dizziness; 
severe nausea arnJ vomitirvg, aggravated and pro- 
longed epileptiform seizures (generalized convul* 
siOAS) which are often repMlad: uneonadoutnoia 
between or after convulsions; muscle twitching and 
soreness; stupor, delirium, disorientation and conlu- 
•ion; then gradwl reoovery eooompenled in the 
t)eginn4ng by amnesia. In a few cases, workers have 
suffered irritation to the skin, mucous membranes, 
and conjunctivae by fine particles of ROX. 

The clinical ttndings in RDX intoxication may irtciude 
fever; rapid pulse; tiemelmia due to efteds on tlie> 

proximal tutDijies of the kidney; proteinuria, azotemia; 
occasional mild anemia, neutrophilic leukocytosis; 
elevated SGOT (serum glutomic oxaiacetic trans- 
aminase), which may explain the muscle soreness; 
nitrites in tf>e gastnc juices; and ©lectroencephalog- 
raphic abnormalities. There appears to be no liver 
mvofvemeni ana cersoraapnei nUNi is iwimai. 
Patients evidently recover completely from the 
effects of RDX poisoning the length of time depend- 
ing on the extent of exposure. The perKxl of recovery 
varies lirom a few days to about (twee mond)a.Thua, 

RDX intoxication involves gastrotntestina'. central 
nervous system, and renal effects. The potential 
routes of exposure are inhalation of fine parllelss or 
fumes, or ingestion. Because ROX is a high-melting 
solid and not very lipid soluble, skin absorption is very 
unlikely. Although the symptoms may bo severe, 
deattis have epparsndy been guile fisr, and no per* 
manenti 
vivors. 



AwM Irthe li don or inQaelon. 
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r«M» 12-1. TomcHy of UnHud Stales Mmary £i«iIosiVm (Contf 





HMKhhazand 




Birrsfing charge 
exfitosives 

Amatol 


Highly to modoralely loxic by inhalation, ingestion, 
and abso/ption. Contact may causa dsrmsWis. 


Avoid inhalallon. ingestion, or aMn 
contact 


Anwioniiifii picfii> 
DBX 


Higniy toxic oy mnawDon, ingaswon, ano snmi 
absorption. 

GanaraHy cofisidsfad non towc. 


inhalation or tne ouai SnOUn oa 

minimized and frequent baths and 
changes oi ck>thes are desirabie for 
ifioaa woridnQ wNh lha malarial bi 
quantty. 


HBX-eorM 


HIglily IokIc by inhalation or ingastion. 


Avoid InhriaMon and inQaalion> 


HMX 


Tha low aokiblMy of HMX has causad diMcuNiss that 

have cast in doubt the validity of all toxico'ogtcai 
lOSOcucn uone on iniB CwiripQuna in uaiv. ii vvouio 

appaar that, weight-lbr-weight, HMX is somowhat 
less toxic than RDX but exhibits similar effects. Ex- 
p9niiivni9 V9 HI fnuyi m vMniii m %3i vunu oum 11119 
opinion. 




Pentolite 


Se« TNT and PETN. 




Picratol 


See TNT and ammonium picrate. 




RDX compositions 


See ROX • boostering explosivas. 




T«lrylol 


Sa« TNT and letryt. 




TNT 


TNT exposures can occur by inhalation of the dust, 
through ingestion and via skin at>sorption Among 
the first signs o1 TNT intoxication are changes m the 
blood: lha rad bkwd can count and hamoglobin con- 
lent decrease; abnormal red cells are seen: and there 
is a transitory increase in leukocytes and lympho- 
cytes. Rashaa and skin aruption may ba associalad 
wMi these effects. Increased capillary fragility leads 
to nose bleeds ar>d hemorrhages of the skin and 
mucosa. At sufficiently high and proionged expo 
suim, mora aarioiis Mood phanomera appaar. 
These include methemoglobinemia, with consequent 
cyanosis: hyperplasia of the bona marrow leading to 
aplaslic anemia (bacausa the marrow no longer pro- 
duces blood cells); and a drastic loss of blood 
platelets. Petechiaa often occur in oonjundion «nth 
aplastic anemia. 


Avoid inhalation and sidn contact 

Tolerance level below 15 milli- 
grams per cubic meter in air. 
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EXpKMWw 


ri^snn nazflrO 


rvoncwwe mMsurvt 




A second type of symptom, toxic jaundice indicates 
loxic Hepatitis. This ultimately lea^ to yellow atrophy 
of the liver. 






Deelh can occur fRMi etther anamfa or (especially in 
younger peopta) tonic hapalHia. 






Effects of TNT on the kidney are mamfest in 

in/^rASiCfkH filtrsiti^n fatoc; In rnilH f^smtiK of TWT into¥i- 

II Vv* w CSOcvJ Hill t*Kt\If 1 1 O Lr?-> 1 1 1 1 f TT 1VJ ^«CI3V9 Wl irn^*' 

cation, urgency, frequent urmation, and lumbar pain 
may be die only symptoms. 






indtvkluals exposed to TNT may complain of a con- 
stant b(tier taste, excessive salivation, nausea, vom- 
iting, and gastritis. The latter is due to reduced secra- 

uOn Ol patlCioailC 9Q£j*T*V9. 






exposure to TNT was assodaied with cataracts of Hie 

eyes. There have been various reports of central 
nervous system intoxication (neurasthenia, 
polyneuritis). No carcinoganic affads of TNT on 
human beings have been raportad. 




Tocpax 


See TNT. 




Tritonal 


Highly toadc by inhalation and ingestion. 


Avoid MhaMHon and ingaailoii. 


SoUd propellents 






Shgle-tfase 






NRracoiluloM 


Nitrocellulose is a watp>r insoluble fibrous polymer 
Consequently it » not absort^ed through the intestinal 
wtf 1 or ceM membranes. This accounts for its lotst 
lack of oral toxicity to mammals. Subchronec and 
chronic feeding to rats and dogs at contents as high 
as 1 0 percent and to mice at 3 percent of the solid diet 
rasuHsd in noaHads other than thoaaof flbar bult. la, 
as if they had bean led cotton Hniars. 

Suspended nitrocellukfee in concentrations as high 

as 1 OOC milligrams per liter showed no etfect on four 
species oi fish and lour invertebrates in various acute 
UMicity tests. 


Adequate vaflMaUon is laooflh 

merxled. 
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Table 12-1. Toxicity oi United States Military Explosives (Cont) 









Double-basB 
tnpHanta 








S«« fiHrocalhjIoM above. 

Niiraglyoafln has been used as a vasodilator drug in 
medicine, especially for the treatment of angina: 
thus, there is a iauiy extensive literature on its 
iMicnOfnicw alia cwwcw Hpecn. ine mosi cofiimon 
medicinal dose is 0.65 milligrams (roughly 0.01 mil- 
ligrams per kitogram), twt many patients safely 
receive 20 limes tfiis (about 0.2 milligrams per Mlo- 
gram) daily. Survival has been noted after quantities 
up to 400 milligrams (about six milligrams per kilo- 
gram} were administered orally or sublingualiy. Two 
of the inora nolioaabta sytnploin§ are headache and 
Ming Mood presauro. 


Avoid inhaMion or akin contact. 




Chronic human e)<posure to nitroglycerin is Charac- 
terized by methennoglobinemia and the development 
of tolerance to the drug. Withdrawal from frequent 
exposure to nitroglycerin cauaaaaavare headaches* 
"Monday tiead," among munltlona worftars. 






Since nitroglycerin is not very volatrle, skin absorp- 
tion IS the most likety route of exposure. A TLV of 0.2 
parts per miRon. or 2 mHlfgrama per cubic meter, in 
air was adopted by the American Conference 
Government Industrial Hygienists in 1 972 to encom- 
pass cutaneous exposure - including mucous mem- 
branea and the eye • as well as Inhalation. But a 
reduction in this value may be desirable in view of 
withdrawal headaches suffered by volunteers after 
expoaui* lo such a level. 




MUiry pyrotechnics 






HC tmok* mixtUTM 


Moderately toxic by inhalation and ingestion. Skin 
contact can cause dermatitis 


Avoid inhalaliori. ingsslion, and skin 

contacf. 


Slacfc powder 


Moderately toxic by inhalation and ingestion. 


Avoid inhalation and ingestion. 
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CHAPTER 13 

DETECTION AND IDENTinCATION OF ENERGETIC MATERIALS 



13-1. Introduction. This chapter discusses the 
methods used to detect and identify energetic materials. 
Almost al of ttw wwlyfical d iwii l l iy lachnimi oB are 
used. NormaNy, identification involvea •■arias of tests, 
each providing a clue to the identity of the compound In 
addition to the techniques discussed in this chapter, 
idanlliying InfonnaHon can ba oblainad flroni phyaical 
properties such as melting point, crystalline structure, 
deriaity, physical state, color, and indicias of refraction. 



13*2. Wet Chemical Methods. When a test sampla 
is treated with an appropriate reagent, a coloration la 
pioduoad which la diafi m totiali u oflliaoompound being 
taeted. These reactions are Itnown as color reactions 
and may help identify the sample The compound which 
produces the color change is called the color reagent. 
Color rMcUona are uaadto aome dagraa tor pfaNnHnafy 
idantiflcalion and confirmation but have tarqcly been 
raplaoadby the more modern instrumentaJ techniques. 
Tabte 13-1 lali aome of the common oolor raadiona 
uaad to Idantiiy axploaivaa. 



Tabte 13-1. Color Tests 



WiMr Sohiiion or EMractof EnargMie MaMal 


SoUofEMigaiicMiiaiM 




Color 04 
MlHliQn 


Co»of of 
unlv«rsal 
pHlMt 


Color ol 
prscipttal* 
¥»tth NeMtar's 
rMQMt 


Color eHect ot test wtin solution of- 


Eltiylwitdiwniiie 


Oiphenytamine 


Thymol 


TNT 


(InsolLJble) 




« 


Mafoon 


Colorless 




Tetryl 


(Insoluble) 






Red 


Blue 


Green 


Picric acid 


Yellow 


Red 


(No ppt) 


Orange 


• 


• 


ExploahWir 


Yellow 




Brown 


Orange 




■ 


HalettG 


None 




(No ppt) 


None 


Blue^ 


Orange 


Nitroguanidine 


None 




White 




Blue 


Green 


AfiNnoniiNn nHiato 


Norte 


• 


Bfown 


None 


Dirty giuaii 


Green* 


PETN 


(Irsoluble) 






Nona 


Dirty green 


Green 


Nitroglycenn 


None 


* 


(No ppt) 


• 


Deep Mue 


Green 


DEGN 


Nona 




(No ppt) 


■ 


Deep blue 


Brown' 


Nitrooeiiuloaa 


None 








Blue 


Green 


Tritonal 


(Insoluble) 






Maroon 


Colorless 




Tetrytol 


(insoluble) 


* 


(No ppt) 


Maroon 


Intense blue 


Green 


— ■ - ■ 
rKram 


Yaltoar 


• 


Brown 


Maroon 


* 




Ednatol 


None 


Orange 


(No ppt) 


Maroon 


Intense blue 


Orange 


Amatol 


None 




Brown 


Maroon 


Dirty green 


Green 


Ammonal 


Nona 


• 


Brown 


MeiMn 


Dirty green 


Green 


Pentolite 


None 




(No ppt) 


Maroon 


Dirty green 


Green 


Stack fXMwtof^ 


Nona 


No change 






Blue 


Green 



^Sor^etimes explodes mildly (pulh) upon addMon oT MlNuite add. 
'Tmts o( dried water extract 
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The tests are performed in the following manner. 

a. Test 1. Place 0.05 gram of the explosive in a 5 
mWIMer b9sk&r, «M 2 lo 3 fniMlilBrs of distiled water, 
and stir for 5 mlmites. 

( 1 1 Observe color of liquid. 

(2) Wet one end of a strip of universal pH indi- 
cator paper and note any change in color. 

(3) Add a drop of Nessler'8 reagent and note 

the color of any prec pitatu formed. Prepare the reagent 
by dissolving five grams of potassium iodide in a 
minimum quantity of cold distilled water and adding a 
saturated aqueous solution of mercuric iodide until a 
faint precipitate is formed. Add 40 milliliters of 
50-percent potassium hydroxide solution. After the 
solution has darified by settling, dilute to 1 00 mlilimers 
with distilled water, allow to settle, and decant. 

b. Test 2. Place 0.05 gram of the unknown mate- 
rial in an indenture of a white porcelain spot-test plate. 
Add two Of three drope of a 65 to 68 percent aqueous 
solution of pthyipnediamine and sttr. Note the color of 

the solution (not the soltd). 

c. res/3. Place 0.05 gram of the unknown mate- 
rial in an indenture of a while porcelain spot-test plate 

and add three or four drops n' a di phenylamine solution. 
Stir the mixture and, after one minute, note the color of 
theaolutlon. Prepare the diphenylamine solution l>ydto- 
solving one gra i of cliphenylamine in 100 mWHllefS of 

concentrated CP sulfuric add. 

d. Test 4. PiaceO.05 gram of the unknown mate- 
rial in an indenture of a white porcelain spot-test plate. 
Add an equal amount of crystalline thymol and three 
drops of concentrated sulfuric acid. Stir the mixture and 

note its color after five minutes or more. 

e. Additional Tests. If the unknown material is 
not identified completely liy the tests in subparagraphs 
13-2 a. through d. and data listed in table 13-1, tests 
sixxjid he performed to detennnine whether the nf>atenal 
Is one of ttiose Indicated In (1) through (14) tietow. 

(1) RDX. Place several milligrams of the white, 
unlcnown material in a test tube and add about 200 
mlligrams of thymol and six drops (0.3 ml) of concen- 
trated suHuric add. Warm the tutie for five minutos at 
100X, and add 5 to 10 milliliters of ethanol. RDX pro- 
duces a rich blue cokx. Under these conditions sugars 
and aklehydes give a brown color, and HMX gives a 
pate Mue-green color. RDX can be further disHnguished 



from HMX by repeating the test at 1 50°C. Under these 
condHtona RDX sW gives a Mue color, but HMX pro- 
duoea an diva color. 

(2) Composition A-3. Place 0 1 gram of the mate- 
rial in a 1 0 milliliter beaker and add two or three drops of 
acetone. Waim the mixture and alow to stand for five 
minutes. Evaporate the acetone by gently warming on a 
steambath, cool, and add 2 milliliters of carbon tetra- 
chloride. Cover the beaker and warm the contents, 
occadonaNy swiittng the mixture. Cod the mixtuns and 
allow the undissolved material to settle Decant the 
supernatant liquid into a 5 milliliter beaker, evaporate to 
drynese, and note If a waxy (not tarry) residue is 
obtained. Dry the undissolved material in the 1 0 milliliter 
Ijeaker and test for RDX a? described in (1) above. 

(3) Compositk>n B. Place 0.2 gram of the paie 
yellow to medium brown materid in a 1 0 mlMltor beaker 

end add 2 to 3 milliliters of chloroform. Cover the beaker. 
Warm and digest the mixture for 1 0 minutes with occa- 
sional swiriing. Decant the supernatant liquid through a 
Mlsrpaper and eivuporate the filtrate todryneas. Repeal 

digestion of the insoluble residue in the beaker with 
three more portions of chloroform discarding ttie 
decanted liquid In each case. Dry (he inaolubie reddua 
by evaporating any adherent chloroform. If Ihc origind 
material was composition B, the residue from the 
chloroform solution consists of TNT and wax. Test the 
TNT and wax mixture with ethylenediamine and 
diphenylamine as described above. The insoluble re- 
sidue obtained by extraction with chloroform consists of 
RDX. Ted as described In (1) atxwe. 

(4) Composition C-3. Place 0.2 gram of the 
puttv-l'l^p exc'osive in a 10 milliliter beaker and add 5 
milliliters of benzene. Mix ar>d digest (or 10 minutes 
enidring any lumps present Decant the superratant 
liquid 'fire Lgh a fitter paper and evaporate the benzene 
with gentle heating. Note whether a dark, tarry residue 
remains. Wash the insoluble residue left by benzer>e 
axlraction with two or three, 3 milliliter portions of a 2: 1 
ether-ethanol mixture and dry the washed residue. Ted 
this as descrit>ed under RDX in (1) above. To the 
decanted ether^hand washings, add IS milliMafB of 
distilled water and heat the mixture until all ether and 
alcohol are removed. If a white precipitate (nitrocel- 
lulose) is noted, catch the predpitate on a filter, waah 
with ethanol, dry by evaporation of the ethand, and ted 
for nitrocellulose as indtoated in tat)te 13-1. 



i 
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(5) Torpax. Place 0.2 gram of the explosive in a 
flwa mMNHer beaker and eNtract ««Wi three. 3 millHiter 

portfons of acetone. Dry the insoSubie residue and 
examine under a mtcioecope. Note if the residue has the 
ctuiraclerielic appearance of metaHc aluminum. Place 
0.2 gram of the explosive in a 5 milliliter beaker and 
digest with two, 3 milliliter portion? of benzene, decant- 
ing the benzerte into a small evaporating dish. Evapo- 
rate the benzene solullon lodryneM and feet for THTae 

indicated in table 13-1 Dry the insoluble residue from 
the benzene extraction and test lor RDX as described in 
(1) above. 

(6) Trilonal. f>lace 0.2 gram of the exploeive In a 

10 miilinter beaker arxJ add 5 milliliters of acetone. Stir, 
allow any undissolved matenal to settle, and decant the 
liquid. Wkah the inaoluble matter with two, 5 milHHter 
portions of acetone, dry, and examine under a micro- 
scope. Note if the Insoluble matter has the characteristic 
^>pearance of metallic aluminum. Subject the sepa- 
rated exploeive to the tests prescribed for TMT in tabfe 
lS-1. 

(7) Amatol. Place 0 2 gram of the yellow mate- 
rial in a 5 milliliter beaker, add 3 milliliters of distilled 
wal0r. and stir Ibr Ave minulea. Decant ttw liquid tfirough 
a filter and evaporate to dryness. Test the dried solid as 
prescht}ed for ammonium nitrate in table 13-1 . Dry the 
VMHsr-inaoluMe lesidue and teat as prescribed for TNT 
above. 

(8) Ammonal. Place 0 2 gram of the explosive 
in a 10 milliliter beaker and digest with 3 milliliters of 
diMMed water. Decant the liquid through a filter and 
evaporaleto dryness. Test the dried solid as prescribed 
for ammonium nitrate Digest the insoluble residue in 
lha beaker with three, 3 milliliter portions of acetone 
decanting these through a filter. Dry the Inaoluble reai- 
due and examine under a microscope. Note if the resi- 
due has the characteristic appearance of metallic 
•hmttium. Ev^XMto the filtrale to dkyneaa by warming 
ganily. Teatthedrie d aol d aa preacribedlorTNTabove. 

(9) Lead azide. 

(a) Test the explosive for aolubiity in water. 

Lead azide is insoluble m water. 

(b) Transfer 5 milligrams of the sample 
expioriva to a lO-miNWter beaiter and add 10 drops of a 

10-percent eerie ammonium nitrate solution A reaction 
accompanied t)y evolutk>n of nitrogen oxides (red 
fumes) is indicative of the presenoe of aside, 

(c) Treat the solution of the sample obtained 

in (b) above with a few drops of a 10 percent aqueous 
solution of potassium dichromate. A yellow to reddish- 
yelow precipitate is indicative of the piesenoe of lead. 



(d) Trar^fer 2 milligrams of the sample to a 5 
milimtsr bsalter. Add5 mlNNitersof a 1 0 percent aqueous 
solution of ferric chloride solution. A red color is formed 
which disappears slowly when 2 to 3 milliliters of dilute 
mereuricchioildesolution areadded. TMsoonfirmsHwl 
the explosive is lead ailde. 

(10) Mercury fulminate. 

(a) Test the explosive for solubiNly in water. 
Mercury fulminate is insoluble in water. 

(b) Transfer 10 milligrams Of the sample 
explosive to a fritted glass crucibtoof medhim poroeity. 
Extract the sample with a 20 percent aqueous solution 
of sodium thiosutfate. catching the washings in a 
50-mlllillter beaker containing 10 drops olaone percent 
phenolphthatein indicator solution When the mercury 
fulminate is treated with sodium thiosulfate. It dissotves 
with fbnnatkm of alkali <NaOH) which changes Iheooior 
of the indicator sotutkm from oohirfsss to red. 

(c) Transfer 1 0 milligrams of the sample to a 
10-milliliter beaker and add three drops of concentrated 
hydrochtoric add solutfon and 2 mWHilers of water. 
Transfer the solulton to another beaker containing one 
drop of a five percent aqueous solution of potassium 
iodide. The formation of a bright red precipitate indicates 
the presence of the mercuric ion. 

(11) Oiazodinitrophenol (DDNP). Dissolve 0.05 
gram of the greenish vcilow to brown explosive in 
acetone. Upon adding a larger volume of ice water, the 
exptosive sliouki appear as bright yeltow oystals. Pre* 
pare a saturated solution of the explosive in 200 milli- 
liters of water. Add to this 5 milliliters of a 20 percent 
solution of sodium hydroxktoand mix. Theevolultonof a 
colorless gas and the appearance of a reddislvbrown 
color in the solution Indicate the exptosive to be 
diazodinitrophenol. 

( 1 2) Lead styphnate. Wet 0. 1 gram of the 
heavy, light orange to reddish-brown material with 10 
milliliters of water and then add slowly 10 milliliters of a 
20 percent solution of ammonium acetate. Agitete the 
mixtoie until sohjtkm Is complete. Add 10 mMIHters of a 
10 percent aqueous solution of potassium dichromate 
The appearance of a bright yelk>w precipitate indicates 
the presence of lead. To 0. 1 gram of the explosive In a 
bea)<er add 10 milliliters of a 10 percent solution of 
hydrochloric acid. Heat the mixture in a steambath and 
evaporate to dryness. Cool the beaker and contents and 
add 1 0 milliliters of ether. Mix the contento and a>ow to 
settle. Decant or filter off the yellow ether solution and 
evaporate this to dryness at ordinary temperature. Dis- 
solve the residue in 25 mllWlters of water and add 0.1 
gram of solid potassium cyanide. The absence of color 
Indicates the exptosive to be lead styphnate. 
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(13) Tetracene Wet 0.25 gram of the fluffv , 
pale yeUow exi>k>sive with 5 milliliters of a 10 percent 
solution of sodium iiydroxide and warm the mbclim in a 
8teamt)atti until solution is complete. Note if ttiere is an 
odor of ammonia. Cool the solution and add 1 milliliter of 
a five percent solution of copper acetate. The appear- 
ance of « bright Mua predpttaia IndtoaAiS ttw •xptoalve 
is tetracene. 

(14) Black powder. Place 0.2 gram of the black 
material in a 5 milliliter beaker, add 2 to 3 milliliters of 
distilled water, and stir for live miniilett. Decant the liquid 
through a filter and catch the filtrate in a t>6aker. Evapo- 
rate this to dryness and subject tf>e dried white solid to 
the tests shown In table 13-1. Dry ttw water-lnsoluWa 
residue in the beaker, cool, arKi digest with two 5 mill* 
liter portions of carbon disuffide. decanting these into an 
evaporating dish. Evaporate the carton disulfide solu- 
tion to dryneea at room temfierature. By means of a 
microscope, examine the yellow residue sc obtained 
and the insoluble Mack residue from the carbon disulfide 
axtnoBon. Note if tttsy haw llw dwa e tef lillc appear- 
anoM of sulfkjr ciystals and charcoal, rsapadhwly. 

13-3. Chromalograpfiy. 

a. CoftMwt Lkfuld Ctmnmtognptiy. This is the 

oldestformof chrnmatngraphy and is sometimes called 
column chromatography. The equipment consists of a 
vemeal glass or quartz column which te oonslrictad at 
the lower end. The column is filled with a fine, granulated 
material which is most commonly silica gel but may be 
nietal oxides (alumina), sugars, etc. This is called the 
stationary phase. A chemical mixture in a suitable sol- 
vent is placed in the top of the co'umn and allowed to 
diffuse downward. The solvent is called the mobile 
piiBse. Vacuum is sometimes applied to ttie IxyNom of 
the column. The chemical componenis of ihe mixture 
will diffuse at different rates due to their difference in 
affinity for the column material. After sufficient time the 
components will be separated Into bands along the 
length of the column. If the components are colored, the 
bands can be easily detected. Colorless or white com- 
ponent bands can be detected by adding a fluoraaoeni 

material to the column material contained in a quartz 
column and irradiating with ultraviolet light. The column 
is then extruded from the tut>e and cut Into bands. The 
separated compounds in the bands are eluted t>y suit- 
able solvents and subjected to quantitative and qualita- 
tive analyses procedures. The solvent has a significant 
effect on the interaction between the malarial under tost 
and the columr material. Therefore, the proper combi- 
nation of column material and solvent must be used for 



each material under test Column liquid chromalOQ' 
raphy has been implemented by other modern 
chfomatographic techniques because the prooedurss 
are time consuming and tedious. 

b. Paper Chromatography In paper chromatog- 
raphy both the stationary and mobile phase are liquids. 
The stationary phase liquid, wNch is usually water, m 
supported on a finer paper. A spot of ttte mixture to be 
tested is placed on the filter paper. The spot is then 
dried. The filter paper is then placed in a trough which 
contains the mobile phase. The liquid mobile phase la 
immiscible with the liquid of the stationary phase. The 
mobile phase is usually a mixture of organic solvents. 
The eluant la allowed to migrate either upward or down- 
ward on the paper. Aa the eluent migrates, the com- 
pounds in the mixture separate, each traveling with the 
eluent but at a different rate. After the eluent from has 
advanced balwaan 15 and 90 oanlimalara the papar la 
removed from the trough and dried. A cokx reagent Is 
sprayed on the paper to locate aU the separated conv 
pounds. The ratio of tile distanoa traveled by the sepa- 
rated compound to the distance traveled by the eluent 
front is then computed. In some cases the filterpaper is 
impregnated with hydropiwbic substances such as oils 
or paraffins and the mobile phase la aqueoua. TMa la 
called reverse phase paper chromatography Most work 
with energetic material has been done using the reverse 
phase technique. Paper cfwomatography is not gener- 
ally used for identification of energelic malerialaa iaiNn 
layer chromatography 

c. Thin iMyer Chromatography. A thin layer 
chromatographk: plaie oonaiala of a tiiln layer of pow- 
dared malsrial mixed witii a binder that is applied to a 

sn>ooth surface such as a glass, aluminum or plastic 
sfieet. The powdered material, which constitutes the 
stationary phase, usually consisia of siica gel or 
aluminum oxide of uniform particle size A solution of the 
mixture to be tested is spotted near the bottom of tt>e 
plate. The plate is then placed vertieaNy In a trough of 
solvents, called the developing solvents, oontair>ed in a 
closed developing tank. The level of the developing 
solvent in the trough is below the spot of test material. 
TDe devetoping solvsnts constihite the mobile pttaae. 
The mobile phase Is drawn up into the stationary phase 
by capiMary action. As the level of the mobile phase 
rises, Ihe compounds of the test mixture ars separatod, 
each traveling with the mobile phase but at different 
rates The liquid phase is allowed to rise to the desired 
level, usually near the top, and the plate is removed from 
Ihe trough and dried. Colortess SfMla are detected by 
either spraying with a color reagent or incorporating a 
fluorescent material in the chromatographic plate such 



13-4 



Digitized by Google 



Bint oKpoouroto uHittv ioioHjhtwUcii ii i i o l u i n i n o w co n c w 

except where spots of ultraviofet absorbing compounds 
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traveled by the developing solvent The rate of flow is 
affected by many factors such as the plate material, the 
developing solvent used, plate thickness, dryness of the 
plate, tennperature, and ottMis. Thanfore compound 
idontification is made by running the tost solution on the 
sanie plate as Known compounds, not by comparing the 
isto of flow to puMitied data. Whaft moiB than one 
elution is required, thin layer chromatography can be 
run in two dimensions. The plate is spotted near one of 
the comers at the bottom. Than the plate is developed 
normally in a developing solvent that saparatas the 
mixture into groups rather than single compounds. The 
plate is then dried, rotated 90* so that the separated 
groupa aia along tha bottom, and plaoad In a aaoond 
solvent trough The second solvent seoarates the 
groups into single compounds. Thin layer chromatog- 
raphy is uaad axtansivaly as a qualitative analysis 
tachniqua. Hie developing solvents and plate material 
used vary according to the test materia! so no single 
combination of solvent and matenal can be used for 
aaparaiing al tha anatgalic maiarfato. 

d. Gaa OhromalDOirap/iy. in gas chromatog- 

r^hy the vapor of the material to be tested is injected 
into a stream ot inert gas such as nitrogen, and passed 
thfough a column. Tha carrlec gaa la tho moMla phaaa, 
the materal in the column is the stationary phase. The 
statiorutfy phase can be either a solid or a liquid sup- 
ported on a solid. If tha staltonary phase to aoM tha 
method is called gas-soNd chromatogmphy (QSQ. If 
the stationary phase is a liquid supported on a solid ttHNfl 
ttie nrtethod is called gas-liquid chromatography (QLC). 
l>wo typaa of oohimna ara uaad in GLC: packad col- 
umns, which contain an inert nonv olatile liquid, and 
capillary oolufnns, which are long, open tubas of smail 
dtamaiarttiat hewa alhin, liquid Wm on lhair hmar aur- 
fece. Capillary columns offer a greater resolution of 
mi)fture. As the carrier gas flows through the column the 
components of the test mixture separate, each traveling 
through tha oolunm matorial at a diffarant rato. A daiac* 

tor at the end of the column detects when the gas being 
tested emerges. Three types of detectors are commonly 
uaad; lharmal oondudh/tty, flama lonizaiion, and alao- 
tron capture. A thermal conductivity detector detects 
changes 'n the thermal conductivity of the carrier gas. 
This type detector is simple and nondestructive but tf)e 
aanaWvi^ la low and Itw taat raeults are highly depan* 
dant on gaa tampanrtura and flria of flow. A flama loni> 



zaUon dalactor maaauraa tha al a eW e a l conductMly of 

the product gases when the carrier and test sample ara 
decomposed in an air/hydrogen flame. This type 
datootor Is daalnictlva but mora aanaitiva and doea not 
have a great dependence on the gas temperature. The 
current carried across the product gas is proportional to 
the numt)er of cart)on atoms but inversely proportional 
tolhamimbar of oxygen and nitrogen atama. TNalatha 
most commonly used detector An electron capture 
detector uses a radioactive beta emitter to ionize the 
oarriar gaa. An o l oc tren capturing compound will 
remove some of the ions Tho resulting decrease in the 
curri^t (»rryir>g capability of the gas indicates the pra> 
senoe of one of these compounds. This method of 
datection is very sensitive to ai actro negative com- 
pounds, but is insensitive to compounds such as hydro- 
carbons which do not capture electrons. The detector 
output ia racordad aa a function of tima, aa ahown in 
figure 13-1 Each peak corresponds to a compound in 
the mixture. There is a general correlation between the 
area undar tha paak and tha contant of the compound in 
the mixture. However, tha area ratio for two compounds 
does not necessarily represent their weight ratio in the 
sample. This could be due to several reasons: dlffer- 
anc» In tha datador faaponaa lor dmeranloompounda. 
adsorption or decomposition of a compound before 
detection, or a faulty sampling technique. Therefore, to 
uaa tha raco r der output quantitattvely a sped^ amount 
of a known compound is added to the sample. The 
sample must react similarly in the gas chromatographic 
unit to the unknown. Relative weight percentages can 
than ba computad by oomparing tha araa undar tha 
curve for the unknown and known sample. Gas 
chromatography is used for energetic materials, how- 
avar.inaomacases, application of thia m athod la HmWad 
by the high temperature at which the test must be run. 
Nitroaromatlcs are generally stable at their boiling point, 
but nitramines and aliphatic nitrated esters are not. For 
tha unalatala compounda aavarai tachnlquaa are 
recommended to reduce decomposition; glass rather 
than metal columns, short column length, lower tomper- 
atUTBS. low polarity liquid in tha QLC stationary phaaa, 
a n d 1 0 w 1 0 a d i n g percentage of the liquid. These precau- 
tions also minimize reaction t)etween the compounds in 
the column. This is a consideration when analyzing the 
stabilizer content of propaMania as the higher tempera' 
ture tends to drive off nitrogen oxidos from the aliphatic 
nitrated ester and nitrate the stabilizer. Gas chromatog- 
raplqf can be nm iaoHiammlly or wflh a programed 
tamparatura change. 
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FlguTB 13-1. Om tOtnmatograph output. 



e. High Performance liquid Chromatography 
(HPLC). HPLC is also known as high speed or high 
pressure RquidchroinalDgraphy. SefMraHon isdone In a 
glass or stainless steei column that is packed with a fine 
powdered material, usually silica. Column dimensions 
are usually 1 5 to 30 cewWrn e t e r s In length and three to 
four millimeters in diameter. The packing material, or 
stationary phase, consists ot particles in the 5 to 10 
micrometer diameter range. A solvent, the mobile 
phase, is pumped through the column underpressure In 

thp rangp of 1 379 to 6,99F5 kilnpascats (200 to 1,000 
pounds per square inch). The test ntixture to be sepa- 
rated is injected. Separatton in the column Is accom> 
plished in the same manner as in the other forms of 
chromatography: the various constituents diffuse down 
the column at different rates. The composition of the 
mobile phase can be hekt constant (Isocratic elulion) or 
varied (gradient elution) durinq the procedure to 
improve separation. When the column material is silica, 
surface adsorption is the mechanism of separation. 
When the silica is coated with a liquid, partition between 
the two liquid phases is the separation mechanis m The 
Mquids of the stationary and mobile phase must be 
imnHscitJle. Normal HPLC Is psrformsd with a polar 
stationary phase and a somewhat nonpolar mobile 
phase. Reverse phase HPLC is performed with a non- 



polar stationary phase and polar mobile phase Another 
column matenal is the chemically bonded stationary 
phase. Slliea contains frae hydroacyl gioupe. The hydro- 
gen can be replaced by organic compounds, although 
direct replacement with a carbon bortd is less staWe 
than bonding the oxygen to anottier sMoon which It 
bound to the organic compound. As the mobile phase 
emerges from the column an ultraviolet spec- 
trc^hotometer is used to detect the test material in the 
eluent. The detector output is piotlsd as a function of 
time. The graph obtained is ven,' srmriar to the one 
shown in figure 13-1. The area under the peaks in the 
curve is proportional to the conoentration of each oom> 
ponent in the test material. A tentative identification of 
the compounds in the mixture can be made by compar- 
ing the graph of the output ot the unknown to the graph 
for known compounds run under the same condHtons. 
This identification, however is not 35 specific as ottier 
methods and cannot be used m forensic work, for 
example, where an exact Idenlilicalton Is requifed. The 
separated compounds can be collected and analyzed 
ir>dividually using one or a comt)ination of other methods 
for positive identification such as mass spectrometry, 
infrared spedrometiy, and nuclear magnetic reso- 
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f. Ion Chromatography. Ion chromatography is 
instrumentally very similar to HPLC. the differervce 
bolwoon itw ffiothods boing Iho ooKmn maiwiBl. Ion 
chromatography uses an ion exchange resin stationary 
phase which can be applied to glass microt>eads for 
packing. VS^ile HPLC is based on absorption and parti- 
lion plwnomena. ion chromatography is based on the 
exchange of 'ons be^A'Ben the resin and the mobile 
phase. It IS a very good technique for separating cations 
and anions from each olher. 

1*4. Potarography. Polarography measures ow^ 

rent In microamperes, generated through the 
reduction/oxidation of chemical species in an electroly- 
lic sdiilion at an applied potential apecHlclothe specie. 
A reference electrode and polarizable electrode are 
used. The polarizable electrode normally used is the 
Dropping Mercury Electrode (OME) which consists ot a 
glass capNisfy Mied wNh mstcuiy. The msicury is 

allowed to drip from the capillary' at a controlled rate As 
a droplet forms at the end ot the tui>e the surface area of 
nwrctify exposed tottie solution Incfsaaes. TTils causes 
an ircrease in the current conducted through the solu- 
tion at any given voltage. There is a sharp decrease in 
the current when the drop falls. The current then 
increases duringthefomiallonofthe next drop. Several 
forms of potarography are used: DC, single sweep AC 
and ditterential pulse. These four forms differ only in the 
fiMvinsf In which voHage Is appied between the elec* 
trodes. In DC polarogr.aphy a DC potential, which is 
increasing linearly at the rate of 1 to 10 millivolts per 
second, is applied t)etween the electrodes. At low vol- 
tagee a small cunent. called the residual current, flows. 
This current is due to charging the capacitance between 
the OME and the solution and miscellaneous impurities 
In solution. At acrlHcal voltage depending on thechemi> 
cal specie the current begins to increase with increasing 
voltage. The current continues to increase until a 
maximum current is attained, at which point further 
increases in voltage do neH Incieaae the current. The 
plot of the applied voltage versus the current is called a 
polarogram. The difference t>etween the residual cur- 
rent and maximum cunent Is called the diffusion ounent. 
The diffusion current is proportional to the concentration 
of the chemlcai specie. In single sweep polarography, a 
DC potential Increasing at the rate of 100 to 500 mWI- 
voNs Is applied between the electrodes. The ydtage Is 



applied at a specific time during the formation of the 
mercury drop. The applied voltage is plotted against the 
cunent to obtain a potaiogram. Single sweep polarog- 
raphy is more accurate than DC polarography because 

the shorter time frame in which the measurement is 
made allows less change in the surface area of the 
mercury drop. In AC polarography, a smai AC signal is 
placed on the DC waveform used in DC polarograptiy. 
The effects ot the DC potential are electronically 
removed and a polarogram with pooko In ttie waveform 
is obtained. In differential pulse polarography, a pulse is 
applied just as the mercury drop attains maximum size. 
The pulse has an amplitude of 5 to 100 millivolts and a 
width of 50 to 60 milliseconds. The current is measured 
twice, just t>efore the pulse and during the last 1 0 to 20 
milliseconds of the pulse. The type and concentration of 
species present is made by comparing polarograms. 
Polarography is a very sensitive method ot rir^tpction. 
Applications include pollution control and analysis of 
sensitive material such as primary explosives, in which 
sample sizes are hsU to a minimum because of safsly 
oonslderattons. 

13-6. Specifoacopy and Spectrometry. 

a. UHra^oMmd WMtfe Spectroaoopy. In ultra- 

violet and visible spectroscopic techniques, a solution of 
the sample to be analyzed is irradiated with discreet 
fire(|uencles from ttie entire range of ellhertlie ultraviolet 
or visible spectrum . To obtain a spectrum of the compo- 
nent, the absorbance, which is defined as the log of 
quotient of the intensity of the incident and transmitted 
radiation, is measured and plotted as a function of the 
frequency of the incident radiation Usually a blank 
sample, which consists of only the solvent, is run at the 
same time so the absortiance of ttie solvent can be 
subtracted from the total absorbance of the solution. 
Ultraviolet and visible spectra are not generally used to 
identify energetic materials because they are not dis- 
tinctive. However, the methods may be used for quan- 
titative analysis. The concentration of the compound in 
solution is determined by measuring the absorbance of 
the material under test and comparing the value 
ob'ainpritr 'he value obtained for a solut on of the same 
compound with a known concentration. The same sol* 
vent, temperature, and optical path length through the 
solution must be used. With a limited number of excep* 
tions the concentration is a linear functwn of the 
absorbance. 
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trum of the unknown is exanunedand classified in terms 
ot groups praMNH In the molecule (OH; NH; C =0: 
N4i|Qt; aromatic NO2; C-OC; OONO2: etc.) and tt^en 

compared with the standard spectre that contafn the 
same groups. Table 13-2, which gives spectral correla- 
fkxis of srotnatic nttro compoundSi nllnunlfws, and 
nitrates, -s usotui for thrs purpose. Using infrared spec- 
troscopy for identification depends on having a library of 
spMlTB for eornpartoon I0 th6 spMlfB of unknowns. Th0 
spectra can be digitized and a computer used to search 
rapidfy among known spectrum Usually the programs 
do not identify the compound completely, but narrow the 
possiblMiss to about 10 compounds. Inhwod spoclio- 

scopy is most effective when the sample is a pure cOffl* 
pound, so separation techniques such as solvent 
SKmeifen orehremaiography may boused on asanvto 
bofors iiTSdisiion. 
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Strurtuni 


WW 

assignmdnts, 


Cooiments 


qm-trlnHfo 


9.25 


Found in allsym-trinitro compounds examined which have the following addi- 
tional groups: OCaHs. CH3. OH. C2H5. COOH, OCH3. f^H2. The band 

a|i|i«W9 HI snm 10 iwwww v. vo |uii in wiv piwwvwiv vi wonxio urauiiv swcn cw 

COOH or OH. 


iR'dlnitro 


10.85-10.95 


Found in all m-dinitro compounds examined which have contained the follow- 

ina arlHitinnal arniin«- HH* r^^H* OH N =NHt COOH CHD OCIHt 

CH3NH, C2H5NH, NO2 (trinitro). In the trinitro compounds the position of the 
band has boon found from 10.75 lo 11.O |im. 




11.90-12.05 


Found in m-dinltro compounds examlnad wlwre dhsr addttionaf groups, if 

any. were oriho to the nitro. Not found In sym-trinitro compounds but present 
in 2,3,4- and 2,4,5-trinttrotoluene. Absent in 3,5-din«trob6nzoic acid and 
4,6-dlnilro«-crsBol. It appears that a group mala to tho nMro InNbMa Iho 
band. 


o*mononitro 


12.7-12.8 


Found in all mononitro compounds containing any one of the following groups 
ortho to the nitro: CH3 . C2HS. CHO, NHs, COOH. Not uaualiy fbund in dinitro 

or trinitro compounds. 


p-mononitro 


9.0 


Found in all mononitro compounds containing any one of the following groups 
ovihotoihe niUo: CH3. CaHs. CHO. NHs, COOH. Not uaualiy f^nd in dinitro 
or trinitro compounds. 


nHramlnos 


7.8 


Found In all nitramines examined Preaumad to be cauaed by die N-N vlbni- 

tion 

Found in all organic nitrates examined. From the analysis made of methyl 
nilfate It ie presumed that thia band ia oauaed by the ^metrical atratcMng 
vMonofltieNOs. 


nitrates 


6.0 




7.8 


Found in all organic nitrates examined. From the analysis made of methyl 
nitrate it is presumed that this band is caused by the symmetiicai deforma- 
tion vibration of the NOz. 




12.0 


Found in ail organic and inorganic nitrates. 



b. Intrand Spectroscopy. Infrared spectro- 
scopy isonecf the most wkMy used methods of identifl- 
cation. The technique can be used with gases, solids, or 
liquids. Gases or liquids are contained in cells contain- 
ing salt windows, such as sodium chloride or potassium 
bromide, that arstrsnsparsnt to Infraied radlaifon over a 
certain wavelength range. Solids may be in solution in 
which case a blank ceil that contains only the solvent is 
teelsd In tandum with tfie material under test to com- 
pensate for the effects of the solvent. Solids may also be 
prepared for testing by grinding with mineral oil and 
plaong between two sodium chlohde plates or grinding 
with potassium bromide and pressing Into a pellet. The 

mineral oil interferes with the spectra over a small 
wavelength range, but the potassium bromide does not. 
In ttieidanHlteaionof anaxplosive Ingredient, the spec- 
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resonance are used; nuclear ouioMlferaMnanM and 

electron sptn resonance. 

(1) Nuclear Magnetic Resonance (NMR). 
Wlhan a cluvBOd fMvllola apln8> a magnalic field or 

dipofe is produced in a manner analogous to the 
iTiagr>etic fiekl produced current fk>wing in a loop of 
wine. An ttxiamal vnagnetfc field algna the dipolaSi eWwr 
with the field or 1 80 degrees out of phase wHh the f eld. 
The out of phase position, in which the north and south 
poies are reversed, is referred to as against the field. 
Alignment with the field is mora stable than alignnMnt 
against the field so the application of suitable frequency 
electromagnetic radiation will cause the dipoies which 
sre against the field to fiip into sNgrMnent wHh the field. 

T'ho frequency r3t which this occurs is called the reso- 
nant frequency. Any nucleus which has a net spin can 
flip, but the hydrogen nucleus is the ntost commonly 
uaad in NMR. The hydrogen nucleimconsistsofaaingia 
proton, so this method is referred to as proton magnetic 
resonance. The frequency at which resonance occurs 
dapands on llia nucleus and the sunounding medium. 
The magnetic field that is used to align the protons also 
changes the configurations of the electrons around the 
nucleus in such away ttiat they produce a magneficlMd 
in the opposite direction of tf>e externally appHad field. 
This field shields the nucleus and must be overcome 
before any ot the protons can be flipped. The strength of 
Vie iNNO oe pe n oB on ms einiciMa of ma etBCVone 
around the nucfeus If the atom is bound into a com- 
pound and valence electrons are missing, added, or 
baifiQ ahaiad, ttie affacflveness of ilia shielding is 
changed. This alters the resonant frai|uancy for a given 
magnetic field strength or afters the magnetic field 
strength required to ttip the protons at a given frequency. 
EHhar malltod of scanning, varying fiia magnalic fisM 
strength at fixed frequency or varying the frequency at 
fixed magnetic field strength, can produce an NMR 
apaclrum. In an NMR apactnim, the rasonanoa of tat- 
ramethlylsilane (IMS) la taken as the standard and 
defined as zero. AH twelve of the protons (hydrogen 
atom nuculei) in the methyl groups are in the same 
f hiwrtf si stsil#i so Mia spulri of TMIt contiiti of ona 
very sharp peak. The resonance peaks in the spectra of 
Other compounds are defined in units of chemical shift, 
ppm'a. The ctiomicnl sNfl of a resonant paalt Is the 
frequency of resonance of IMS divkJed by the spec- 
trometer frequency in megahertz at which the analysis is 
being performed. Oipoles in close proximity can cause 
paakalo spfit into doiiblala» tripMs, ale. Tha dMfarenoa 
balwaan Ihafinaaof thamuHiplat in Qfdas par second is 



defined as the coupling constant. J. Tliavalua of J yields 

useful information concerning the positions of the pro- 
tons in the nf>olecule. The area under the spectra peak is 
proportlonaitothanumbarof hydrogen nuclei In aghwn 
state. Chemteal shift, J, and Iho area under the peaks 
provide useful analytical Information. Multiple peaks in 
the spectrum on a single compound are caused by 
liydrogen nuclei which are In dMarant alalaa. The spec- 
trum of PETN shows one sharp peak because all the 
protons are in the same chemical state. TNT. however, 
Shows two peaks, one due to the proto n s in the maftyl 

group and one due to the protons in the ring. The solvent 
has a considerable effect on the NMR spectrum of a 
sample, so standard procedures must be used. An 
exchange takes place between the deuteriumauaadln 
the solvent and the active hydrogens in the material 
under test. This can cause changes in the spectrum: line 
shifla. intensity shifls, and the creation of now muMplat 
lines. Stabilized spectra are ot^tained after tf>e solution 
has been given enough time to come to equUlMium. This 
is callsd the development time. Careful attenfion must 
be paid to ensure that the proper development limo 
sper^ified in the specific procedure is used. NMR spectra 
of unknown compounds can be compared to those of 
known oomomnda lor likniilllc aili m ounxMaa. or iden* 
tification can be maOe on lha baria of tha analyllcal 
information obtained. 

(2) Electron Spin Resonance (ESR). This test 
is sometimes rafsrred to aa atodron paremagnuUc 

resonance (EPR). ESR can only be porformod on sam- 
ples which contain unpaired electrons. An electron has 
an intrinste spin which crsatas a magnetic dipole along 
the axis of rotation. In an external magnetic field, the 
dipoles will align eittier with or against the field. By 
applying high frequency energy at right angles to the 
aigning niagnaticflakl,lha magnalic moment, and thus 
the direction of the electron spin, can be reversed or 
flipped. Alignment with the tieM is the preferred direc- 
tion, nipping occurs when the frequency of Ilia inckfani 
energy is equal to the frequency of precession of tha 
electrons. Flipping does rwt occur in paired electrons 
because the opposite spin quantum state is already 
occupied. Scannkig is dona by either varying the 
magnetic field strength at fixed frequency or varying the 
frequency at fixed magnetic fieki strength. The forn>er 
method is praferrad. ESR. wMla of Imlladapplcability to 
the energetic material field, can be used to identify 
paramagrtetic compounds, transition metal ions and 
free radicals of organic compounds. Free radical detec- 
tkm has baan uaad in pyralysia sludiea. 
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d. Mass Spectrometry (MS). In mass spec- 
iroiTiBlfyt inolociitos of ffw Mmpto lo bo ttfWdyZBd Mn 
ionized. These ions are then accelerated by an elee- 

tromaqnetic field. The acceleration acquired by each ion 
in a field oi given strength wili depend on the fragment's 
mass and charge. Most of the ions wlB Kave a charge of 
plus one electron unit so separation is on the basis of 
mass; the n>ore massive ot the ions are accelerated less 
than the fragments having less mass. Two types of 
electromagnetic fields are generally used for separa- 
tion: the magnetic selector and the quadrupole In the 
magnetic saiactor, a stream oi tons is acceieraied to a 
potonHai at several kNovollB and Introduced Mo a 
magnetic field. The direction of the stream is at a right 
angle to the direction of the field. The magnetic field 
deflects the path of the ions into a semldrcfe. The radius 
of the semicircular path for any fragment for a given 
magnetic field strength is proportional to the initial or 
tangential velocity and inversely proportional to the 
magneOefiald strength. A defector is placed at a point In 
a chosen semicircular trajecton/ ttia» 'he ion fragments 
can travel. For a given initial accelerating potential and 
magnetic fMd eliengUi, fragmorrto of a partictilaf mass 
to charge ratio will stril<c the riotoctor. The spectra, 
plotted as a function o( the mass to charge ratio, is 
obtained by scanning the magnetic field strength or Vne 
initial accelerating voltage. The former technique la the 
preferred method in low resolution mass spectrometry. 
High resolution mass spectrometers use both methods 
simultaneously (o Improve separation. In the quad- 
rupole the field produced by a combination of DC and 
radio frequency power applied to four parallel rods is 
used to focus the ion fragments rather than a magnetic 
field. A quadrupole unit is less sensitive than a magnetic 
selection unit. The ions can be produced by several 
methods. In electron impact mass spectrometry, the 
sample Is tombarded by electrons boMed off a hot taa> 
ment.When the sample is ionized in this way organic 
nnoiecules t>reak up Into fragments of various masses. 
The spectra olJtaf ned can l>e compared with a spoctrai 
library to identify unknown compounds, or analytical 
information from the spectra can be used to identify 
groups within a molecule. Electron impact of organk: 
compounds produces many products from bond cleav- 
age fragments to complex fragments which have 
undergone significant rearrangement. In chemical ioni- 
zaiicn mass spectrometry, the sample iMols with an 
ionizing compound to produce a positive ion. The ioniz- 
ing compounds are produced t^ electron impact of 



amrTK>nia. hydrogen, isobutane, methane, or water. The 
fonizing compounds produce positively charged 
molecules. The molecUleado not fragment as much as 
in electron impact mass spectrometry In negative km 
mass spectrometry, electrons are absorbed by the 
sample molecules. Absorption may be accompanied by 
decomposition of the molecule into charged ions. Reld 
ionization and fieki desorption mass spectrometry use 
tiigh voltage electrostatic fields to pfoduce ions. In fMd 
k>rMzation mass spectrometry the sample in gas form is 
passed over a point or edge on which a potential of 10' 
orlO* volts per centimeter is maintained. Quantum tun- 
nelng by eiectrone In the gas to the high potential fbrma 
ions. In field desorption the sample molecules are 
absorbed, or deposited.on a surface. A strong elec- 
tromagnetic field is applied to deeoib the moiacuiaa aa 
ions. 

13-e. Detection and Identification of Realduea. 

a. Detecting and collecting the reaidiie of eKplo- 
slves left after detonatkm is a diffKult task. Detonation is 
a relatively complete reaction and the small amount of 
explosive left is scattered over a large area. The general 
destruction of the area also hampers the oo tiocti on 
effort. The most likely places fortiie residue to be found 
is in the soil and other debris in the blast seat. wood, 
plastic, and otiiar materials which can catch and fidd 
the flying residue partteles; and metal objects which 
were close to the point of detonation such as a part of the 
bomb. The debris from the explosion site is lirst rmcro- 
soopicaly examined. Many times Uadt and smoKelas a 

powders can be identif-ed by the shape and color of the 
residue. A vapor trace analyzer can be used on the 
dsbris to klsntify volatile exptoslves such as nitroglyc- 
erin. The vapor trace analyzer consists of a vapor pre- 
concentratorand agaschromatograph with an electron 
capture detector. The residue in the post detonation 
delirls is of Wtle chemteal Integrity. Solvent extraction is 
used to dissolve the residue for analysis. Solvent selec- 
tion is important. Extraction ot substanMS that couU 
intorlsre wittt the subsequent analysis of ttie exploehw is 
undesirable Large amounts of solvent are used to 
extract even small amounts of explosive residue, so 
only analytk;al techniques which can handle trace 
amounts are used. The methods descrit>ed in para- 
graphs 13-2 through 13-5 can be used. In addition X-ray 
dWraction pattems can be compared to patterns of 
known compounds for kfentfflcatton. R es idue s on hands 
and clothes are extracted and tested similarly. 
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b. Datedion and IdwrtWcHon can betnade ooa l o r 

by adding a taggant to explosives One taggant system 
which has been proposed consists of small layered 
paitk:ies «rtik:h ar« lambiatad to Incraaaa the probablMy 
of surviving detonation. Emsh layer can be one of a 
number of colors. The sequerice of colors can be 
decoded to determine the explosive and manufacturer. 
MaonaHe nartlclaM and fluo fi iiiici Mi t litrthntfTTtf ^fWfjfi 
respond to ultraviolet radiation are added to make *he 
taggant particle easier to find after a detonation. Another 
taggant ayalam wMoh haa been propoaad uaaa laywa of 
magnetic matarfal with different Curie points. The Curie 
point is the lamparalufa at wMch farriinagnaliam 
ceases. 

13-7. Oetaction of Hidden Explosives. 

a. Explosives can be detected using a variety of 
techniques. Many of the methods depend on vapor 
datocHon. Two mellioda, gaa dwomalogniiiliy and 
mass spectromeTn^ have already been described 
Electron capture detectors work on the same principle 
aatha a l a el ro n capture detector In gas dwomatography 
which is discussed in paragraph 13-3d. In plasma 
chromatography the vapors are ionized at atmospheric 
pressure. An electrostatk: field is applied to cause the 
Ions to drift. Haaviar Ions wHI drift slower than lighter 

ones due to collisions with the inert qas at atmospheric 
pressure. In chemiiuminescence, the reaction between 
ozone and NO. which pioducaa lumineacence, la used. 
In bioluminescenoe. microoiganisrna that luminesce in 



the pp oe snoa of aicploaive vapon are used. POr 

improved detection two microorganisms may be used, 
one which gets brighter in the presence of the vapor 
while the olher gats dinnnsr. In laaar optoaoousOc 
apec l io t oopy a modulated laser beam is tuned to the 
proper frequency to excite the vapors of explosives in a 
dosed ceU. The energy oi the excited state is changed to 
translational energy through ooHsiona with surrounding 
molecules. The tranalallonal aneigy la datadad acous- 
tically. 

b. Animals, such as dogs, can also be uaad to 
delect explosive vapofs. Vapor daleoHon can be 

defeated wKh fiermetic sealing However, several 
methods are consideced practical for detection of bulk 
BxfMt*9B. The nudesr magnsHe resonance 
techniques can be used. X-ray contrast can also be 
used. In this method gamma rays are passed through 
the material under test. The attenuation through the 
material is measured, then analyzed by aeompuur. 
Thermal neutron activation can be used todSHMlbulc 
explosives, in this metfK>d a tf>ermal neutron Is 
absorbed by a nitrogen-l4 nucleus to produce a 
nitrogen-1 5 nucleus in an excited state. The nitrogen- 1 5 
nucleus will go to ground level by emission of a gamma 
ray. Neutron- nitrogen reactions can be differentiated 
from the neutron-other element reactions by the energy 
of the gamma rays produced. A system to make explo- 
sives easier to detect is to add a vapor taggant to the 
e x pi o ai v e mawnai. 
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CHAPTER 14 
PACKING, MARKING, STORAGE, AND SHIPMENT 
OF ENERGETIC MATERIALS 



1M. imnKluellon. The regulations governing the 
marking, packirtg. and shipping of miNtary supplies are 
set forth in applicable Army regulations. These opera- 
tions will also comply with Department of Transportation 
ragulalions. TNs chapltr contains gwwral rsguialions 

applying tofhe marl^ing, packing, and shipping of explo- 
sives and ammunitk>r>. No live ammunition component 
tfwt has bMn flubjoctad to ufidM or abnoitnal fofCM fof 
test purposes shall be offered for surface shipment by 
oommercial carrier or be transported over public trans- 
portation systems by government conveyance except: 

a. Itofns contoMng small <}iianlHiaa of axplosiva 

and constructed or packaged so that their expkisiva 
foroas will be self-contained if they funciior. 



b. Bcplosive Hems wMeh both the tasSng agency 
and the project manager or appropriate major subordi- 
nate command agree in writing can be safely trans- 

ported, 

14»2. Packing. 

a General. Explosives are packaged to safely 
meet a wide variety ot shipping and storage situations. 
StocaQe oondWons may vaiy from the liest p oas Me 
coverage to no cover at all and from extremes in climatic 
conditions. Figures 14-1 through 14-7 are a representa- 
tive sample of e a cpiosiwe e packaging. 
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14-1, Sues/ box for packing solid propellants, including marking. 
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Figure 14-3. Metal containers for propelling charges, including marking. 




Figure 14-4. 



AF1Hfi?-0065 

PeUletized large caliber high explosive profOCtHes, inciuding marking. 
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b. Containers. 

( 1 ) Hazardous materials in bulk or liquid form 
must be transported in containers which will prevent 
toakaoft. Co ma iiwrs used in intraplant transportation 
and service storage of explosives and explosK'cs mix- 
tures such as initiating exp4osives, pyrotechnic com- 
po>ilion>,aiidtM08f HM tertBlftBhouldbainttiteofiDBiB* 
iW in thtt folkMving order of prafaraiiM: 

(a) Conductive rubber. 

(b) Nonferrous metal-lined boxes without 
seams or rivet heads under which explosive dust can 

(e) PtaMics (conduetiva lypa only). 

(d) Paper-Nned wood boHBS. 

(e) Fiber drums. 

(2) Fiber drums or bulk explosives and propel- 
lants should be shipped only by motor carrier or trailer- 
on>flat car. Glass containers should not be used 
boMuse of their fragility and severa missila tiazard. 

0. Black Powder Containers 

(1) Standard containers for black powder are 
biM hi aooordanoa mfHh drawinga that maat DOT 
apacilicationa. 



(2) When blacl< powder Is shipped or received 
each container shall be inspected for holes ar>d weak 
•pota. partieulaffy holaa mada fay amal nana wMeh ar» 
visible only upon close examination Damaged contain- 
ers must not be repaired; the contents shall be trans- 
farrad to mw or sarvtoaaMa containecs. 

(3> Empty lilacit powder oontalnort may bB 

reused and may be Iransporled empty provided they aW 
clean. Empty metal containers which are not to be 
reused and will be salvaged shaN t>a thoroughly waahad 
Inaldo wtth water. 

(4) Biacl< powder containers must be carefully 
opened. When it is necessary to open containers by 
puncturing, the operatk>n will be conducted by remote 
oonmN. 

d. Contakien for Sotti Pnv>9S9nt$. 

f 1 ) Solid propellants shall be packed in accord- 
ance with approved OARCOM drawings that comply 
With DOT lagUUion (fig 14-1). 

(2) Doul»la4Maad aoSd fNopaNania. aingia 

perforated solid propellants, and all solid propellants 
with web thickness not greater than 0.4826 millimeters 
(0.019 inch) rtiould not ba packad in al^ataal boKaa. 
Mattd Inad woodan bexaa (Hg 14^ ahouM ba uaad. 
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(3) Salvaged or deteriorated soMd propelanls 

should be shipped water we! 

e. Containers for Ammunition and Bulk High 
Exphshma. 

(1) Ammunition (fig 14-3, 14-4, and 14-5) and 
bulk high explosives g 14-6 and 14-7) sha'ibe packed 
in accordance with approved DARCQM drawings that 
comply with DOT reQulallons. 

(2) Containais used for packing bulk high 

explosives should be lined with strong cloth or paper 
bags or liners with cemented seams to prevent sifting. 

14-a. Marfclng. 

a. Ench oackaqe of explosives is marked in 
accordance with pertinent drawings to prwide positive 
idenHflcBlion (NSN. DODAC, nomenctaluio, totnumbar, 
and ICC martdng as a minimum). 

b. Whenever explosives or ammunrtton containoiS 
or ammunition and ammunition components are 
repainted, the new painting or marking shal oomwtly 
identify contents of items jbo markingof empty or inert 
loaded ammunition items lor display purposes is gov- 
erned by the provisions of AR 385-65. 

c. Explosives, ammunition, and loaded ammuni- 
tion components obta ned from salvage operations and 
material which has lost its identification markings shall 
be clearly marked to show the explosive nature of the 
material. Explosive material or items which cannot be 
definitely identified as to their expk)Sive nature should 
be disposed of by technically trained personnel in 
acconlanoa with the provisions of OARCX)M'n 
3B5-100. 

d See figures 14-1 through 1 4-7 for a representa- 
tive sample of markings required on explosives 
packaging. 

14-4. SMge of Explosives and Apinminltlon. 

a. General The types of existing magazines 
listed below are considered standard for the storage of 
the types of items specified. New storage magazines 
should be of the earth covered, comigaisd Slsel. Of 
reinforced concrete arch type. 

b. Magazines. 

(1) Earth covered magazines. These include 
igloo, steel arch. Stradley. special type. hiVside. and 

subsurfane type magazines. Earth covered magazines 
are preferred for the storage of all items of ammunition 
or explosives. 



(2) Standard ammunition magazine? (com- 
monly called standard magazines ), ciassed as at>ove 
ground magazines. These magazines wars d esigned 
for the storage of fixed rounds or separate k>ading pro- 
jectiles. For future use. they should be restricted to the 
storage of Classes (04) 1 .2. (08) 1 .2. < 1 2) 1 .2, 1 .3, and 

1 .4 materials (excluding rodtels and rocket motors). 
The magazines measure 16 7byfi6 6 meters (51 feet? 
inches by 218 feet 6 inches), are usually spaced 91.5 
meters (300 fbet) apart, and have c oncre te foundalhMi 
walls and piers, fioliow-tiln walls, steel frames, and con- 
crete floors. The storage capadty of the magazines is 
not stated in definite figures since the nunrriaer of items 
which can be stored is regulated by the approprlala 
quantity-distance tables. 

(3) High explosives and black powder 
magazines, classed as above ground magazines. 
These magazines were designed for the storage of bulk 

explosives such as black powder, TNT, fetryl, and 
explosive D and may be used for this purpose where 
more desirable Storage space cannot be obMned. Tliey 
are 8.4 meters (27 feet 6 ir-ct^os) wide and 13.2 meters 
(43 feet 4 inches) k>ng and are usually spaced 243.8 
meters (800 feet) apart. They have concrete foundation 
wais and piers, hdlow lie walls filled with sand, steel 
frames, and concrete floors covered with sparkproof 
mastic or the equivalent. The magazines were originally 
deslgnedfor ihestorage of 1 13.400 kilograms (250,000 

pounds) of explosives, but in order to assure adequate 
aisle space for inspection and shipping and convenient 
height of piles, the amount of storage is usually limited to 
appfOKlmately 46,360 kilograms (100,000 pounds). 

(4) Primer and fuze magazines, classed as 
at)ove ground magazines. These magazines were 
designed for storing primers, primer detonators, adap- 
ters and booetars. and fuzea of all types, in the future 
when it is necessary to use magazines of this t>,'pe, they 
should be restricted to the storage of Classes (04) i .2, 
1 .3 (except rockets and rocket motors), and 1 .4 ammu> 

nition and explosives The naqazines are 8 4 metnrs 
(27 feet 6 inches) wide, 13.2 meters (43 feet 4 inches) 
kmg and are usually spaced 91 .5 to 1 21 .9 meters (300 
to 400 feet) apart. With respect to constructton dotaHs, 
they are similar to high explosive and black powder 
magazines except the hollow tile walls are not sand filled 
and the floor Is not covered with spark proof masHc. 

(5) Service magazines and service storage 

buildings. These buildings are used for intermediate 
storage of the minimum amount of explosives neces- 
sary for safe and efRdent manufacturing or processing 
operations. Construction details of sucti magazines 
should specify the use of fire-resistant niaterials and/or 
fiiB^esistive construction. 
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(6) Other structures. Structures not of 
approved magazine type shall not be used for the stor- 
age of explosives and ammunition except when author- 
ized by the Commamtor, HQ OARCOM, Attn: DflCSF. 

e. r«iiv»onrt(in» CDnfno/. 

(1 ) Sudden changes in temperature may dam- 
age airtight containers or may result in excessive con- 
densation of moisture. If the temperature in a magazine 
OMoeeds 37.8*C (KXTF) for a peilod of more than 24 
hours, the magazine should be cooled by wetting the 
exterior of the building with water or by opening the 
doors and venliiators after sunset and dosing Ifiani in 
the morning. I' these methods do not provr' etfectivf m 
lowering the temperature, the Commander shall decide 
whettier the materials should be removed to some ottwr 
magazina. 

(2) Storage- magazines, in general should not 
be provided with heat. Exception is made in the case of 
magazirtes where heating may be necessary to prevent 
oondansaHon of moisluie, to maintain constant tempore 
ature, or other reasons. It steam or hot water coils are 
used to heat a magazine, they must be so arranged that 
exploalvea material cannot oome in contact vvHh the 
coiia. The coils muat be icept clean. 

d Magazine Operational Regulations The fol- 
lowing regulations shall be complied with where ammu- 
iHwon ano axpKMivoi are siorBa* 

(1 ) Instructions as printed on maoazine 

placards, DA Label 85, mu^t bn posted or o' near each 
door of the magazine so that they are visible when work 
is being done hi the magazine. 

(2) Loose components of ammunition, pacldng 

materials, conveyors, skids, dunnage, empty t>oxes. 
and other similar material shatl not be stored in 
maoazlnes containing ammunitton or CMploeivee. 

(3) Vegeiaiion around ail ammuniikMi and 
exploelves storage locations shall be controlled. 

M) Doors and locks must be kept in good 
working order. Magaziries shall be locked at all times 
except wtien per m itte d operations are in progress in the 
magazine and as o'ovided for in paragraph l4-4c(1). A 
crew must not be permitted to work in a position in a 
magazine whicti requires passing the work ai8leorpoai> 
tion of a second crew to reach an exit The number of 
crews shall not exceed the number of exits. Two or more 
doors must be unlocked and open when personnel worit 
in magazines having more than one door. 

(5) Flammable liquids, woepl when used as 
the chemical flier of a munition or aa a prepackaged 



storable nquW propeiiant, shall not be stored in 
magazines containing explosives 

(6) Except when required for security pur- 
poses, service magazines within an operating line need 
nolbelockedduringshllloperations. These magazines 
must tie locked whenever the opera'inq line IS Shut 
down; I.e.. nights, weekends, and holidays, 
e. Stacking. 

( 1 ) Ammunition and explosives shall be stored 
in containers as prescribed by approved DARCOM 
drawings and specifications and shall be stacked and 
arranged in a magazine in aooordaiKe with instructions 
est fbrih In Arniy regulations and approved DAncOM 

drawings and directives. Explosives or ammunition in 
Stacks shall be grouped and identified according to lots. 
When military explosives or ammunition are not packed 
in accordance with approved drawings and specifica- 
tions, they must be stored in aax)rdance with special 
instructions from the Commander DARCOM, ATTN: 
DRCSIF. General nilee set forth in paragraphs (2) and 
(3) bebw should be followed in the absence of appN- 
cable storage drawings. 

(2) Methods used for stacking must provide for 
good ventilation to ail f»rts of the steck. Adequate durv- 
nage shall be used for this purpose. 

(3) Aisles shall be maintained so that units in 
each stack may be inspected, inventoried, and removed 
for shipntent or sunraiNanoe tests. Btodc storage is per- 
mitted provided adequate ventilation of stacks exists. 
Unobstructed aisles shall be maintained to permit rapid 
egress oi personnel. 

(4) Only one light box, pellet, or unit Should be 
allowed per lot in storage A light box, pallet or unit is 
defined as a box. paNet. or unit which contains less than 
the nomw) quantity or count. Packaging and maifdng 
shall be in accordance with approved drawings and 
regulations. Light units shall be readily visible and 
immediately accessible when stacked m storaye. Light 
units might be painted while. 

t PemiMecf Open Storage, 

fi) Open storage of ammunition/explosives 
and limited matehai will not be used in lieu of covered 
storage employing standard facilities and/or methods. 

(2) When circumstances dictate that open 
storage must be ulMzed for storage of Army owned 

material, the storing installation will submit a request for 
waiver in accordance with DARCOM-R 385-100. 
Ftequests involving material owned by another service 
will be forwarded through the same channel (through 
HQ DARCOM, ATTN: DRCSF-E) to tile owning service. 
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(3) Bulk sofid propellants, bagged pfopeWng 
dwiges, pyrotechnics, bulk high expk>«va8,andcrWpal 
Hems shall not be placed in open storaga. 

g. Open Storage Sites. 

(1) Sites for open storage shall be separated 
fnsin megezineSi ottwc fscllttee, and each ottier in 
accordance wttti tt«a raqMiraments of Chapter 12. 

(?1 The stnraqp sites shaH bo level, well 
drained, and iree from readily ignttable and flammat)le 
malertela. The supporting limbeia or plaMorm upon 
which the ammunition is slored shall be well constructed 
to prevent falling, sagging, and shifting of the ammuni- 
tion. In order to assure stack stability and free circulation 
of air, not less than three inches of dunnage should t>e 
used bohvocn the bottom of the stack and the earth 
fkx)r. Provisions shoukj also be made for circulation of 
air tivough stacks. Non-tafmnable or fire-raeistant, 
waterproof, overhead covers sf)ould be provided for aH 
ammunition containing solid propellants, torpex, tri- 
tonal, minol, ordwinlcal agents einca aadt of tfiefla 
mHarials may be adversely affected by exposure to the 
etements. An air space of not less than 45 meter (18 
inches) stiouid be maintained between the top of the 
ataek and lha cover, if adequaia vanMaiion is aaaured. 
overhead covers are also desirable foroutdoor stacks of 
bombs and shells. Sides of covered stacks also may be 
fNOtactad by non-ftanumMaorfira-faaiaiant, waterproof 
Odvars provided air space ia mainlainad balwaan lha 

OOVar and the ammunition 

(3) Frequent inspections shall be made to 
dated sagging pilea and accumillaliona of liaali 
balMfaan or under ateoka. 



(4) If revetments are to be provided around 
open atorage sites, they must comply with the raquira' 
ments of Chapter 12. Stacks of ammunitkxi must be 
kept at least 0.61 meter (two feet) from the base of the 
favatmani and at least 0.31 malar (onafbot) baiowiha 
top of the revetment. 

(5) Excess dunnage should not be stored 
between open sites and magazines nor tMtween 



ply with applicable quantity-distance requirements 
except that during open storage operatkxis, servwa 
supplies of dunnage may be located not doaarlhan 15^ 
maters (SO feat) from the atadc being p rooaaaad. 

(6) Suitable types of firefightingaquipmantand 

fire symbols should be provided. 

h, Speciai Requirements tor Open Storage. 

(1) Sites between earth covered magazirtea. 
Silaa may ba located midway iMlwaan ad|aoanl aartti 

covered magazines which are 1?1 9 meters (400 test) 
apart, provided the sites are barricaded and are sep«- 
rvwairefnineDanicaooo 81008 or inanaaiBainiagaBnB 
by 56.4 meters (185 feet). Ammunition in such sitee 
shouM not be stored t>eyor)d lines drawn through the 
fronts and backs of magazir>es in the same row. Bar- 
ilcadlng doaa not raduoaltia fequired intwbited buBding 
or public traffic route distances The storage of Class 1 .2 
between earth covered magazines is not desiraUe arxl 
should be resorted to ortly when necessary. SMea oori' 
taining Class 1,2 may not bo located closer than the 
fragment distance from other open sites. The limitations 
of the quantity-distances listed in table 14-1 also are 
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HkviI ctan 

and division 


MMkniin kiogramt 
CpMMd^orHE 


dMvKe meters (leet) 






1.4 




Nolimtt 


121.9 


(400) 




(04) 


12 


45,360 


(100, OfX?) 


121 9 


i'400) 




(08) 


1.2 


45,360 


(100,000) 


243.8 


(800) 




(12) 


1.2 


45,360 


(100.000) 


365.7 


(1.200) 




(10) 


1.2 


45,360 


(100,000) 


548.6 


(1,800) 






1.1 




(100,000) 


121.9 


(400) 


or fragment distance 














(it appropriate) 














wtiichavar is greater. 
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(2) Stos not between earth covered 

maga?ir>es Sites containing Class 12 shall not be 
stored doser than fragmem distance from other sites. 



Table 14-2. Special Raqulrwnents for Open Storage Between Magazine That An Not Earth Oawnd 



hk) open alofaga site sImM be locaiBd wMhin 365T rr^ 

ers (1 .200 feet) of above ground magazines The limrta- 
tions of ttte quanUty-distances li«ted in tat>te 14-2 also 





Maximum Ulograms 
(pounds) ol HE 


Minimum Intersite 

distance meters (Im() 




1.4 




Nolmll 


30.5 


(100) 








12 




No limit 


121.9 


(400) 






(08) 


1.2 


226,600 


(500.000) 


243.8 


(800) 






(12) 


1.2 


226.800 


(500,000) 


365.7 


(1.200) 






m 


1.2 


45,360 


(100,000) 


548.6 


(1.800) 








1.1 


45.360 


(100.000) 


85 3 


(280) 


(barricaded) 


or f'agment 






45.360 


(100.000) 


155.4 


(510) 


(unbarricaded) 


distance (if 






113,400 


(250.000) 


115.8 


(380) 


(bwricaded) 


appropriate) 






113,400 


(250.000) 


211.8 


(806) 


(unbflrricaded) 


whichever 
















is greater 



(3) General. Inhabited building distance and 
public traffic route distance shall be maintained around 
open storage sites as specified in Chapter 12. 

i. Storage of Bulk Initiating Explosives. Bulk ini- 
tialing explosives must not be stored dry and shall not be 
exposed to the direct rays of ttie sun Glazed earthen- 
ware crocks of ample size to hold the double bag of 
material wNh oovere of the plastic cap type to pvevenl 
evaporation and elininate friction or abrasion when 
removed are used for normal storage. Proper selection 
and use of covers is required to prevent friction and 
pirtch points. If k>ng term storage In tlilpfiing containers 
is contemptated the container must be equipped with a 
cover having a port to^ observation o< the level of tkiuid 
Itteieln. Tfie vieiMng port must be covered Witt) a liane- 

parent plastic which i? known to be compatible with the 
initiating explosives being stored. As an expedient only, 
bulk Initialing explosives may be stored in Mpping 
containers that are not so equipped, provkled they are 
stored in frostproof, earth covered magazines with 
containers on end. only one tier high, and with pas- 
aageways for inspection and handling. Bags of Initiating 
explosives in storage containers must be under distilled 
water. Alcohol may be added to the distilled water to 
piefvent Ireezing. 

]. SoMd Aopaffisnt*. PropeUants shall not be 

stored or shipped in damaged containers. When leaking 
containers are discovered, an examination of the con- 
tents Shan be madefor the nitrous odor off decontposing 
propellant If any such condition is observed, the pro- 
pellant shall be segregated or properly disposed of. 
PropeUants and propelling charges in containers should 
be stored so that they can be readily Inspected. They 
stwll not be exposed to the direct nv» of the sun. 



k. SmaK Ann AmmuiMott. Bomd smal anms 

ammunition shall not be used as barricades or dividing 
walls between stadts of other types of ammunition 

I. Separate-Loading Ammunition, HE Loaded 

(1) Separale<4oading projectiles must be 
handled with care They shall not be stored without 
fuze-weli closing plugs. Meiai dunnage should be used 



(2) Class (18) 1.2 quantity-distanoes are the 
minimum acceptat)le for Class (16) 1 2 items, regard- 
less of the quantities of the HE involved. For Class (18) 
1.2 separalS'loading pni)ecllloo, stoiage must comply 
wtth DARCOM Drawing 19-48-4102-1 2 UPgiooi in 
order to limit distance requirements to those prescribed 
by the Class (18) 1.2 quantity-distance table. If thoee 
projectiles are equipped with core-recessed lifting 
plugs the Class 1 1 quantity-distance table applies 
when (he total quanuty ot HE involved exceeds 6.804 
kNograms (1 5.000 pounds) In above ground magazines, 
even if storage complies with OARCOM DwiMing 
1 9-48-4 1 02-1 -2- 1 4 PE 1 00 1 . 

m. Separate-Loading Ammunition Explosive D 
Leaded. Gtass (12) 1.2. Except where pem»nent 
block type storage methods are used, this type of pro- 
jectile may be stored with distarKea between stacks not 
mora than that reciuifed to permit inspeoOora. 

n. Hxed and SemhRxed AmimmlSon. Boxed 

fixed and semi-fixed ammunition shall not be used as 
barricades or dividing walls between stacks of other 
types of ammunition. 
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0. Rodttts tna Roek&t Malan. 

(1) Whanevsr pracMcabto. ractols and rocket 

motors that are in a propulsive State Should be stored 
nose down. Small rockets and missiles may be stored in 
standard aarth covared magazinas without ragaid to 
direction in which they are pointed sauaptthat they will 
not be pointed toward the door of the magazine. If not in 
a propulsive state, any rocket, rocket motor, or missile 
may be stored in any magazine wHhout laganj to ttia 
diraction in which they are pointed. 

(2) In above ground magazines where nose 
down storage is not practicable, items (in a propulsive 
stata) shall ba poinlad in tha dbaction which oHars the 
leastexposuretoparaonnalandproparlylnthaavantof 

fire or oxplosion. 

(3) Rockets should be stored in a dry, cooi 
magazina out of tha dirad rays of tha sun. Thay Should 
not be stored in locations where temperaturps exceed 

(120^F). Prolonged exposure of rocket ammuni- 
tion to either high or low tamfMraturaa may hcraaaalha 
normal rate of deterioration or render the motors more 
susceptible to ignition if subsequently handled improp- 
erly. 

14-5. Shipment of Explosives and Ammunition. 

a. General. Expk}Sives and ammunition are 
routinely shipped via aN common modae of tranepofta* 
tion. i.e., railroad, truck stiips and aircraft. However, 
due to the commodities hazardous nature each of the 
transportation modes rigidly adherat to its own apeclflc 
set of regulaliona. 

b. Rsitroad Transportation The operation of rail- 
roads within a OARGOM establishment shall t>e in 
accordance with applcable cunrani dbvoHvaa, partfcu- 
lariy TM 55-200, RailKMuJ OperaHnp Rules andthls reg- 
ulation. 

(1) Specifications for equipment. The regula- 
tions of the Department of Transportation, ttte Fsdsrai 

Railroad Administration, and the Association of Ameri- 
can Railroads pertaining to safety devices, safety 
guards, destgn of equipment, etc. are mandatory for 
raiKway equipment involved In transporting materials 
between establishments The same regulations should 
be followed for inspection, maintenance, and operation 
of railroad equiprrient within an insiallallon. 

(2) Transportation of hazardous materials. 

(a) In addition to the requirements of other 
parts of this section, the rules in subparagraphs (b) 
through (i) betow shall be followed. 



(b) Whencaracontainingexploahfesorollier 

hazardous materials are received at the installation or 
held in yards, precautions must be taken to prevent 
accidents, particulariy at night These precautions must 
include provisions for quickly removing and isolating the 
cars In case of fire. 

(c^ Cars loaded with hazardous materials 
must be loaded and placarded as prescribed by 
Department of Transportation regulaliona befvm being 
offered for transportation The carrying of hazardous 
nwlerials on locomotives or other self-propelled rail 
vahiclea Is prohibilad. 

(d) Before cars are moved by a looomoUve, 

Itie air brake hose must be coupled and tested to assure 
that the air brakes are in proper working condition and 
the car doors ahal be dbaad. 

(e) Empty cars shaM not be removed from 

warehouses, magazines, buildings or loading dodca 
untii all warning placards have been removed. 

(f) Special care must be taken to avoid rough 
handing Of cars. Can must not be "cutcfT wWIe In 
motion and must be coupled carefully to avoid unr>eoee- 
sary shocks. Other cars must not be "cut off' and 
allowed loatrilwacarcontaining explosives. Carsimnt 
be so placed in yards or on sidings that they will be 
subject to a minimum of handling and be readily 
removed from dar>ger of fire. Such cars must not be 
placed under bridges or in or alongside passenger 
sheds of station, and where avoidable engines on 
parallel tracks should not be allowed to stand opposite 
or near them. 

(g) "Dropping," "iwinplng," "kiddngi'* or ttie 
use of the flying switch Is p io W blie d . 

(h) Adequate measures such as guarding, 
patrolling, and safety inspection must be provided at all 
limes. Ail such acUvHy should be under poeittve admin- 
islrallve controls. 

(i) Fire symbols or DOT placards shall be 
placed on each railroad car while transporting expk>- 
slves or anHnunMon within a DARCOM ealablshment in 
order to provide a ready means of identifying the poten- 
tial hazard should a fire occur. 

(3) Placarded railcars. Placards shall be 
appRed in aocordwice with DOT reguislions to raleare 

transporting hazardous materials. Ammunition and 
explosives shall be loaded and braced in accordance 
with approved drawings. 
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(4) Car inspection. A car must not be loaded 

wHh any DOT Class A explosives unless it has been 
thoroughly inspected by a qualified emptoyee of the 
earner who shall certify that Its condition conforms to 
DOT regutatfons. After a certMed ear has been fUr> 
nished by the carrier, the shipper or his authorized 
employee must, before commencing the loading of any 
such car, inspect the Interior thereof and after loading, 
certify to its proper condition. A certificate will be com* 
pleted and signed where applicable Shipments of Class 
B explosives may be loaded in a dosed car or container 
car which Is In good ooiKlltl(Ni. into wMch sparks c«^^ 

enter, ard with roo' not in danger c' takinq f're 'hrough 
unprotected decayed wood. Wood floored cars must be 
e(|uipped wWi sparft shields. Such cars do ml require a 
car certificate but must be placarded in accordance with 
paraflraph 14-5b(3) above. 

(5) Car certificates. The car certificate printed 
on strong tag board measuring 177.6 milHmelers x 
177.8 millimeters (7 by 7 inches) or 152 4 by 203 2 
millimeters (6 by 8 inches) must be duly executed m 
triplicate. The original copy must be filed by the earner at 
theforwaiding station inaseparaielileandtheothertwo 
must be attached to the car. one to each outer sideort a 
fixed placard board or as otherwise provided 

(6) Leaking packages. Constant alertness 
must be maintained to detect, throi^ characteristic 
odors, the leakage of hazardous materials from faulty 
packages. Leaking packages should be removed from 
cases and refMired. or if in tank cars, ihe oomerrts 
should be transferred. If artificial light is necessary, only 
electnc lights approved for the hazard involved shall be 
used. Leaking tank cars containing compressed gases 
Shall be switched to a tocation distant from habitation 
and highways and proper action taken for transferring 
contents under competent supervision. Cars containing 
leaking pac k ages or leaking tank cars must be pFoteded 
to prevent ignition of liquid or vapors by flame from 
inspectors' lanterns or torches, timing fuses, switch 
lights, switch thawing flames, fires on skle of track, or 
from other sources. All unnecessary movement of a 
leaking car discovered in transit must cease untfl Ihe 
unsafe condition is remedied. 

(7) Car kMdngof Items containing ammunilkNi 

and explosives. Loading methods prescribed by 
D ARCOM drawings shall be followed for the loading and 
bracing ot railway car shipments ot military explosives 
and ammunnkm. The packages should Im placed in 
position with no more force than is needed to secure a 
compact load and to prevent shifting and damage en 
routs. Excessive or vwlent use of mauls shall not be 
permitted when positkming packages. 



(8) Sealing cars containing explosives and 
ammunilton. in addition to any other seals which may be 
used, cars containing explosives or ammunition shall t>e 
sealed. A cal>le seal k)ck will be used to secure car 
doors pkjs an upper rSR kwit. Ssriai numbarsof seals wM 
be placed on GBL (DOD 5100.76M and AR 55-355, 
Chapter 13). if the seal is not in place when the car is 
received, Ihe car shall belraslsd as suspictous and shsn 
be inspected. See AR 55-38 for instructk>ns on record- 
ing details when shortage, pilferage, or apparent theft is 
involved. 

(9) inspedton of cars before unktsding. 

(a) Rail cars containing exploeives and 

ammunition entering a DARCOM establishment must 
be irtspected. This inspection comprises the examina- 
tion of the outside and under side of each car for dam~ 
age such as defective brakes, couplings, wheel flanges, 
etc; to detect unauttx>rized and suspicious artk:les; to 
ct>eck correctness of individual car numbers and seal 
numbers against bills of iadbig. When the prcbabiNty of 
satx>tage is remote, such inspections may be accom- 
plished from ground level without the aid of an inapec- 
tion pit to disoover unsafe structural and mechanical 
deficiencies of the car. During periods of emergency 
when sabotage may be attempted, and also to aid in the 
rapid inspection and movement of cars, an inspection pit 
should bB provided. 

(b) Cars of ammunltk)n or explosives on 
which foreign and suspicious articles have been 
secreted or attached outside or undemeath the car. or 
cars which show a dsfsct thai might affSct ths inatsHa- 
tion or contents of the car. shall be removed to the 
suspect car siding for additional inspection. In additkm, 
during ths timee of natkmal emergency, cars on whteh 
the seal numbers do not correspond to those shown on 
the bill of lading shall be treated as suspect cars and 
shoukl be removed to the suspect car siding for addi- 
tkmsl Inspecthm. 

(c) Cars whteh satisfactorily pass ihe inspec- 
tion outlined above may be considered reasonably safe 
but care must be exercised in breaking car seals and 
opming car doors tMcause of the possibility of damage 
or shifting lading leaking containers, etc When the 
quantity and class ot ammunition present in the classifi- 
catkm yard does not exceed that permitted by the 
appropriate quantity-distance table, based on distance 
to adjacent targets, cars may t>e opened for inspectran 
at that point, otherwise interkir Inspectton should t>e 
accomplished aflsr the cars havs been spoHod si ths 
unloading point. 
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(10) If^fMdion of cars after unloading. Cars in 
which explosives or ammunitton are received shall be 
inspecte<2 alter unloading to see that they are clean and 
frmfromlooaeeKplosivMorollwrllimnMMtn^^ 

and that the placards and car certificates are roinOV6d. 

Explosives sweepings shall be destroyea. 

(11) Damaged shipment. Any shipment 
reoslved In a damaoed oondttion as a fewK of inade« 

quate or improper blocking and bracing or not loaded in 
accordance with appropriate DARCOM drawings shall 
be reported on Oiacrepancy Shipment Report (SF381) 
in accordance with AR 55-38. If the damage was due to 
Improper preservation, packaging, or packinq SF 364 
(Report of Discrepancy) will be prepared in accordance 
with AR 795-11-2. 

c. Motor Vehicle Transportation. The operation 
of motor vehicles within a DARCOM installation shall be 
in accordance with this and other applicable current 
ragulaliona. 

(1 ) Motor vehicle safety program. Current reg- 
ulations, particularly AR 385 10, Army Safety Program, 
require the institution oi a motor vehicle safety program 
as part of ttw overall safsty program of a DARCOM 

installation AR 385-55, PreventionofArny Motor Vehi- 
cle Accidents, contains detailed information (or inclu- 
sion in Midi a program. Other pertinent regulalione are 
AR 55-162, AR 55-203, AR 55-355. AR 55-357, AR 
735-11-2, and AR 55-38. 

(2) Motor vehicle shipment regulations. Motor 
veMdeehipmenls on public highways are governed t>y 
the Department of Transportation regulations. All motor 
vehicle shipments from a DARCOM installation shall 
comply in full with the applicable portions of DOT, stale, 
and municipal regulaliona except as provided for in 

these regulations. Before any motor vehicle designated 
for movement over putMic highways may be loaded with 
ammunMfon or exploelves (OCT Class A or B) snd other 
dangerous articles, as specified in chapter 215, Section 
II, AR 55-355, the vehicle must be inspected and 
approved by a qualified inspector for compliance with 
AR 55-355 (DD Form 626) Motor Vehicle Inspection. 
After loading, lading must be inspected and approved. 
Driver selection, training, etc., for intraplant shipping 
and for operation of government owned trades on public 
highways shall be in accordance with pertinent require- 
ments of 49 C.F.R. Parts 390-397. Federal Motor Car- 
rier Safety Regulations, FM 55-30, Army Transported 
tion, Units and Operations, and FM 21-305, Manual for 
the Wheeled Vehide Ofiver. 



(3) Motor vehicle for explosives shipment. 
Cargo type trucks and truck-tractor drawn semitrailer 
vans are the preferred means for transporting ammuni- 
tion, exploeivea, and ottier hazardous material. Other 

types of trailers should not be used by DARCOM instal- 
lations for this purpose except where the material is 
suflleiently large to mato handling by vans Impractical 
(this restriction need not apply to licensed common car- 
riers and contract equipment). Equipment used for 
transporting ammunition, explosives, ar>d other hazard- 
ous material must meet the following requiremente and 
these should be supplemented by local regulations as 
deemed necessary by the commander. 

(a) Loading methods prescribed by 
DARCOM drawings shall befoNowed for the loading and 

bracing of motor vehide shipments of military explo- 
sives and ammunition. The packages should be placed 
in position wilit no more force than is noodod tosecurs a 

compact load and to prevent shifting and damage en 
route. Excessive or violent use of mauls shall not be 
permitted when positioning packages. 

(b) Spedal precautions must be teken to 
avoid ignition of thamaierialbylheeRhausteof automo- 
tive vehicles. 

(c) The lighting system shall be electric. 
Baneries and wiring shai be so ioeated that they wHI not 

come into contact with containers of explosives, ammu- 
nition, or other hazardous material. If exposed explo- 
sives or flammat>le vapors are encountered in a vehicle, 
only approved type portable lights should be permitted 
(certified by a nationally recognized testing o'ganization 
for the specific hazardous location as defined by the 
National Electric Code). 

(d) The Interior of the truck body shall have 

all exposed ferrous metai covered wi*h nonsparking 
material when transporting scrap and bulk explosives in 
containers which may be damaged and exptoslves 
become exposed. If the explosives transported cons'St 
of ammunition or explosives packaged for shipment in 
accordance with DOT specifications, it will not be 
necessary to cover the ferrous metel. Open Ixxly vehi- 
cles other than the flatbed trailer type used to transport 
large items such as rockets or missiles must have sides 
thet are strongly msde and securely fastened so that the 
items are safely retained. Where a top is required, it 
shoukl be of a noncombustible or flame-proof material. 
Whenever tarpaulins are used for covering explosives, 
they will be secured by means of rope or tiedowns. Mails 
wiii not be used to fasten protective tarpauttns. 
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(e) Ail taicks (govammeni and oommefcial) 
destined for off post Shipment Over pubWc hJgtmays shall 
t>e equipped with one ( 1 ) Class 1 0-BC rated portable fire 
aidingufaher when iranafNKling DOT Clasa A. B, or C 
explcs ves Government motor vehicles involved only in 
on-post shipments shall be equipped, as a minimum, 
wWi two (2) Clasa 1 -BC rated portable fire extinguiah- 
ers; one mounted outside the cab on the drivef'taWaof 
the vehicle and the ott^er inside the cab. If qovernment 
vehicles are equipped with an interior cartx>n dioxide or 
diy powder flooding dovioe. only one extinguiaher ia 
required and should be mounlod on Iho oulsldo of ttio 
cab on the driver's side 

(f) Red lights are not permitted on the front of 
vahidas Hanaportlng exploaivM and ammunilion. 

(g) Trucks fueled with LP gas shall not be 
used to transport ammunition andexploaivea in amniu* 

nition areas. 

(4) Inspection of vehicles. Government owned 
motor vehicles used for transportation of hazardous 
materials shall be inspected at frequent intervals by a 
competent person to see that mechanical condition and 
aafelydevicas are in good wortdng order and that oil and 

motor pans under erqmes are clean. Because of vehicle 
usage, this requirement is over and above the inspec- 
tion requirements of TM 38>750. Daily inspection shall 
be made by operaAors to determine that: 

(a) Pile OKtinguialiera aie aen/icMble. 

f b ) Electric wiring ia in good condition and 

properly attached. 

(c) Fuel tank and piping are secure and 
not leaking. 

(d) Braltea, eleering. and other equipment 

819 in good condition. 

(e) The exhaust system is r>ot exposed to 
accumulations of grease, oil. gasoline, or other fuels, 
and has ample clearance from fuel ines andothar oom- 
buetible materials 

(5) Mixed loading. The types of hazardous 
materials that may be loaded and transported together 
over public highways are established in 49 CFR 
177.835(c) and 177.848. These DOT requirements 
shall be complied with for shipments over public high* 
ways. 

(6) Instruction todiivers. Before motor vehicles 
(oaded with hazardous m.gterials leave a DARCOM 
establishment, drivers shall oe informed of the nature of 
their cargo and methods of figfiting firee involvfrtg the 
truck or its cargo. DD Fonn 836 (Special Instructions for 
Motor Vehicle Drivers) will be completed in accordance 



with the requirements of AR 55 355 and furnished such 
drivers. The provisions of TB 38572, Nuclear Weapor»8 - 
Rre Fighting Procedures, shall be appMed, when appMc> 
Me. 

(7) Inspection and movemem of Incoming 

ahipnvents 

(a) Motor vehicles loaded with explosives, 
ammunition, or other hazardous materiel shall be care- 
fully inapected by a competent person at a designated 
inspection station in accordance with AP 55-355 using 
DD Form 626. The inspection station shoukl be located 
remotety from hazardous and populated areas. 

(b) When Inspection reveals that an incom- 
ing tractor is in an unsatisfactory condition, it should be 
disconnected from Vh» trailer (at the inspection station) 
and moved to e poaWon where It wW not endanger any 
OKploeives. 

(c) When inspection reveals that the trailer or 
its load is in an unsatisfactory condition, it shall be 
removedio a location which ia at leeat inhabited bulMng 

distance (nof less than fragment distance fnr fragment 
producing items) for the material involved from inert and 
administration areas, hazardous locationa. and the 
installation boundary. At this locellon. connection of 
unsatisfactory conditions shall be accomplished prior to 
movement to the destination of the vehicle within the 
Insiafleiion. The route when moving finom the inspection 
station to the isolated locations, insofar as possitile, 
ahouki be removed from built-up areas anti areas wtiere 
personnel ooncsniraBonB an nign< 

(d) VeWdea which cannot be diapalched 

immcrliatDly to points v.'hcrc they are to be unloaded 
may be moved to a holding yard which shall be sited in 
eooonlanoe wMh paragraph 12-111. 

(e) Incoming or outgoing ammunMon and 

explosives loaded trailers that cannot be exchanged 
directly between the carrier and the DARCOM installa- 
tion may be moved in to Interchange yard. QuantHy- 
dtolence provisions do not apply provided the trailers 
are moved expeditiously from the interchange yard. At 
least 3.048 meters (10 feet) separatk}n should be 
maintained between Ireilera in an Inlerdiange yard. 

(8) Damaged shipments. Any aNpments 
received in a damaged condition as a result of inade- 
quate or improper blocking and bracing or not being 
looded in eccordanoe wHh appropdale DARCOM 
drawings shall be reported on Discrepancy Shipment 
Report (SF 361) in accordance with AR 55-38. If the 
damage was due to Improper preservation, packaging, 
or packing SF 364 (Report of D screpanQf) will be pre- 
pared in accordance with AR 735-11-2. 



14-13 

Digitized by Google 



TM Q-iaOM14 



d. Air Transportation. The carriage of ammuni- 
tion. 6Kplo^s. and otfrar hazardous matariais by dvfl 

aircraft is regulated by the DOT. See 49 CFR 106-178, 
particularly Part 1 75 Criteria for the preparation and 
carriage of hazardous materials on military aircraft and 
cartaln Departmant of Defense contract airlift opar»- 
tions conducted under DOT Examption 7573 ara con< 
tained in TM 38-250. 

(1) Military aircraft operating regulations. 

(a) Operatton of mWtary aircraft atiall !» In 

accordance with requirements outlined in the applicable 

flight envelope Army and/or Air Force regulations, and 
as further required Dy iocaily established regulations. 

(b) If an aircraft carrying dangerous artidas 
makes a forced landing and only minor repairs are 

necessary, the cargo need not be unloaded but repairs 
should be accomplished at a location separated from 
disalmliar axpeauras and othar aircraft t»y tha appro- 

priafe inhabited building distance fcrthp cargo aboard 
For major repairs, the plane shall be unloaded and the 
cargo storad In accordanca with appropriate quantity- 
distance requirements. Appropriate protection should 
be afforded the cargo during inclement weather. If a 
landir>g is made for refueling purposes only, the cargo 
naad not ba unloaded. Refueling shall be accomplished 
at a location suitable for the peiformance of minor 
repairs as described above. 

(c) Prior to lai^e oif or landing, the pilot must 
contact the lower fortaxl,l«ke off, or landing and parking 

instructions. The pilot shall, when requesting instruc- 
tions, make known the contents of the cargo and shall 
request priority for his aircraft. 

(<Q When an aircraft containing ammunNion 

or explosives is parked on a OARCOM installation in a 
designated, restricted, posted, and traffic controlled 
exploshfes parking or loading and unloading area, fire 
symbols will be posted at all normal approaches to the 
designated area. If pari<ed in an area on a DARCOM 
installation which is r>ot a designated, restricted, posted, 
and traffic controlled mploeives pari<ing or loading and 
unloading area, fire symbols will be placed at the nose, 
tail, and each side of the aircraft. Where the height of the 
aircraft does not readily permit attaching the firs sym- 
bols to the aircraft, the fire symbols may be mounted on 
stands approximately 1 .5 meters (five feet) in height 
positioned adjacent to the aircraft where they are visible 
at long range. At other DOO installations and at non- 
DOD installations placarding will be in accordance with 
the requirements of TM 38-250 and the requirements of 
the host insiallalion. 



(2) Permissible air shipments. Hazardous 
materials thai may twsMpped by dvfl air are Identified in 

49 CFR 172.101 along with the maximumnetquant t as 
per package and in Chapter 4 of TM 36-250 for ship- 
ments by military aircraft. External or internal transpor- 
tation of electrlcaly initiated explosive loaded items or 
components by helicopter will not be permitted without 
prior approval from the Commander, DARCOM. Pack- 
ages must conform to the requirements of DOT regula- 
tion? Dangerous articles and other cargo must be firmly 
lashed to the aircraft structure or otherwise secured to 
prevent shifting in flight. Signalling devices, equipment 
necessary to promote safety in operations, small arms 
equipment in moderate quantities for personal use, and 
other items as permitted in Title 49 CFR part 1 75. 1 0 may 
be carried without complying wHh the above require- 
ments Dangerous articles must be placed in a baggage 
compartment inaccessible to passengers during flight. 

(3) Loading and unloading aircraft. 

(a) Prioi to loading or unloading ammunition, 
explosives, and other hazardous materials, the aircraft 
shall be electrically grounded so that the resistance to 
grourvd does not exceed 10,000 ohms. 

(b) When loading or unloading aircraft con- 
taining ammunition or «iplosivee, placards and fire 
symbols will be displayed as indicated in paragraph 

14-5d(1)(d) 

(c) Loading and unloading shall be done in 
accordance with quantlty<ilstanoe rsquirsmanis (para 
14-Sd(1)(b}. 

(d) AN ignition switches must be in ma 

off position. 

(a) Ront and rear wheel chocks shall 
bamplaoa. 

(f) Military airaaft shall be loaded in accord- 
ance with AR 95-16. "Weight and Balance: Army Air- 
craft". Nonmilitary aircraft shall be loaded to comply with 
CMI Air Flegulations. 

(g) Nonmilitary airfields used for loading and 
unloading explosives wilt be provided with aircraft 
firefighting service equal to Army standards. 

(h) At nonmlltafy airfields used tiy US Army 

Flight Activities, aircraft rescue and fire protection is 
normally provided by the host. If protection provided t>y 
the host does not meet the standards established in AR 
420-90, Fire Prevention and Protection, and the 
DARCOM supplement to AR 420-90, Army fire depart- 
ment personnel and/or auxiliary firefighters will be used 
during periods of Anny flight activMee, including loading 
and unloadng of exploaives. 
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(il In addition to protection provided by the 
host, protection will t}e furnished through use of portable 
■m axtinguishers by operating agency peraomel 
MMd «• nnilwy fIfBllghlare. 

(j) As a minimum, four portable fire pyXtn- 
guishers should tie available for firef1ghtir)g purposes 
<fcirir>g all loading and unloading of expiosives. Recom- 
mended extir>gui8hers are: two each pressurized water 
type extinguishers utilizing Aqueous Filn-Forming 
Foam (AFFF) liquid concentrate, six percent, 
lflL^24385. and tMo each Potassium Bicaitwnaia 
Base DryChamlealExllnguisliar, l3.6Mlograms^lb> 
capacity. 

(4) Damaged sriipments. Air shipments of 
•MploaivM or amnninilion recelvad at a DARCOM 

establishment In a damaged condition or not loaded in 
accordance with applicable requirements shall be 
rapofladon Oiscr^>ancy in Shipment Report (SF 361 ) in 
accordance wHh AR 55-38 "ReportinB of Transportation 
DiscreparKies in Shipments !f damage was due to 
improper preservation, packaging, or paclting, SF 364 
(Rapoft of Discrepancy) «vili be prepared in aocordanoa 
wWiAR 735-1 1-2. 

(5) Containers. Containers of exploaives in air- 
craft Shalt not be opened or repaired. 

MfUor TrwaportaMon. 

(t) TFansportalion of explosives, ammunWon, 
and other hazaidous materials iiy water in veseele 



engaged in commercial ser\'ice is regulated by the 
United States Coast Guard. Shipments overseas shall 
tie made in accordance with the regulations of the car- 
rier, the United States Coast Guard, or Department of 
the Army. (See AR 55 ?28, Transportation by Water of 
Explosives and Hazardous Cargo and TM 55-607 1 Navy 
MAVSEA OP 3221 Rev. 1|. Loeding and Stowage of 
Military Ammunition and Explosives At>oard Breakbuiic 
Merchant Ships). Where route of travel requires pas> 
sage under Isridges, prior autticrizallon fioni the 
reeponsible agen^ shal lie obtained. 

(2) Damaged shipments or shipments not 
Stowed in accordance with pertinent regulations when 
received at a DARCOM establishment shall tw reported 
on DIscrapancy in Shipment Report <SF361) Inaooord- 
ance with AR 55-38. If damage was due to improper 
prroervation, packaging, or packing, SF 364 (Report of 
Discrepancy) wW t>e prepared in accordance with AR 
735-11-2 

(3) Contairwrs of expk>sives and ammunition 
Shan not be opened or repaired onboard a vessel except 
as required for dumping at sea or servicing we ap on s . 

(4) Vessels in which explosives or ammunition 
are received shall t>e inspected after unloading to see 
that they are clean and free from loose expk>sives or 
other ffemmable materials and that warning ptacsids, 
etc.. are removed Expiosives sweepings wil be 
destroyed. 
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CHAPTER 15 

DISPOSAL, DESTRUCTION, DECONTAMINATION, AND DEMIUTARIZATION 

OF ENERGETIC MATERIALS 



1^1. Inlioduclion. Most energetic materials can- 
not be safely disposed of by dissolving in solution and 
eliminating as sewage because they are insoluble in 
twaier, ara owwally loxic. and are hazanlous to ttie 

environment Disposal must be by burning, detonation, 
or chemical decomposition. The instructions in this 
chapter ar» tor daslroying limited quanlitias of explo- 
sive, pyrotechnic, incendiary, and smoke materials 

normally encountered during daily operations in 
laboratories, manutactunng plants, and storage 
tednies. When larger quanlilies are destroyed or 

reclaimed special instrucitons will be furnished by the 
US Army Armament, Munitions, and Chemical Com- 
mand (AMCCOMVUS Army Materiel Development and 
Readiness Command (DARCOM). When destruction Is 
authorized, the provisions of all current applicable Army 
directives must be observed. 

15-2. Disposal. Methods for dn«;tructior a'-e gener- 
ally based on the quantity and nature ot materials to be 
destroyed, the tocllHies available, andthetopographyof 
the land Destruction of oxoiosive materiel will be 
accomplished by burning or detonation. The oniy 
exception to this policy is made in the case of small 
quantities of exploaives which can be destroyed by 
chemical means as specified in paragraph 15-4. Bury- 
ing energetic materials in the ground or dumping in 
waste plaoeSi ptlSi wsNs, marshse, shallow streams, 
rivers, inland waterways, or deep sea is absolutely pro- 
hitiited. Existing locatior», if known, of buried explosives 
and other energetic materials shal be appropriately 
marked with permanent type signs and maasuFas shall 
be taken to prohibit unauthorized pef5nnnel from enter- 
ing the area. Existing records identitying the type and 
quantity of e nergeti c materials buried stiall be main- 
tained and the burial area shall be noted on installation 
drawings. Explosives which are dangerously deterior- 
ated or cannot be dsffinHely IdenMled shall be destroyed 
by an approved method. Destruction shall not be 
undertaken without prior approval unless the organiza- 
tion or installation commander deades that immediate 
destruction of deterlorsUng exploslvee Is necessary for 
the protection of life and property AH deteriorated mate- 
rials thus destroyed must be accounted for, since Army 



regulations pertaining to the disposal of excess and 

surplus property apply to the destruction of such unser- 
viceable property. Pnor approval for destruction of 
routine waste Is not roquired. CompNanoe with appli* 
cable federal, state, and local environmental restrictions 
and permits is mandatory. Review of all SOPs for 
destrudion of energetie materials by the Installation 
Envlfonmanlal Coordlnaior la mandatory. 

15-3. Destruction by Burning or Detonation. 

a. Destruction Sites. 

(1) SIM salsclion. physical security, personnel 
training, emergency equipment, and procedures ara 
governed by applicable federal, state, and local envi- 
ronmental regulations, particulariy applicable hazard- 
ous waste rsgulatlons. and by the salMy oonsktoratlons 
which follow Open buming and open detonation opera- 
tions will be conducted in accordance with applicable 
air. hazardous waste, and ollter environmental permfta. 
The site selected for the destruction of expk>sives and 
other energetic materials shall be located at the 
maximum practicable distance from all magazines, 
inhabited buildings, public traffic routea, and operating 
buildings but not less than 732 meters (2,400 feet) 
unless pits or similar aids are used to limit the range of 
tragmenis and dsbris. In a> disposal and destruction 

activities, the quantity of explosives that may be 
destroyed safely at one time shall be determined care- 
fully by starting with a limited quantity and then gradually 
increasing that quantity until the optimum anx>unt con- 
sistent with safe and efficient operation is determined. 
When trials prove that tragments and debris are limited 
to lesser ranges, ttie appropriate inhabited building dla> 
tances may be used. Sites must also t>e located in 
relation to the directkxi of prevailing winds so that 
sparics wHi not be tkmn toward aicploslvea location. 
Where possible, nahjrai barricades shall be utilized 
between the site and operating buikJings or magazines. 
When destroying explosives by burning, the possibility 
that the mass may dalonate must be rsoognlzed and 
appropriate protective barriers or distance separation 
shoukf be used to protect personnel and property. Open 
air buming and datonalion of explosives and 
pyrotechnics for demHIlarization ia piDhibiled between 
sunset and dawn. 
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(2) Dry grass, leaves, and other extraneous 
combustible material In amounts sufficientto spread fire 
shall be removed from a 200 foot radius from the point of 
destruction . The grounds should be of well packed earth 
and shall be free from large stones and deep craclts in 
wMoh explosivea might lodge. Explosive materialeeha* 
not be burned or detonated on concrete mats. 

(3) F re-fighting facilities shall be readily avaH- 
atile to extinguish brush or grass fires and. if necessary, 
to wet down the ground between buminge and at the 
close of each day's operations. 

f4) Ordinary combustible rubbish, explosivee, 
and explosives contaminated matenal shall be 
deetroyed at separate locations. Where limiled apace 
does not permit separate burning areas, part of the 
explosives destruction ground may be reserved for 
burning rubbish provided the two areas are not operated 
aimultaneously. and the area where rut>t}i8h has been 
burned is wetted down and inspected t>efore explosives 
burning is resumed. Combustible material should be 
burned in an incinerator complying wHh National Fire 
Protection Association Standard No. 82 or in a substan- 
tial, wirenmesh enclosure (not over three-fourths inch 
openings). 

(5) The demoBtlonaiea or burni n g g r ou n d shai 

be serviced with telephones or two way radio communi- 
cation. A change house serviced with electricity is desir- 
able. 

b. firpfos/ves Maieffe/ Awti^tg DostmcHon. 

Explosives material awaiting destruction shallbe stored 
at not less than intraline distance, based on the largest 
quantity involved, from explosives being destroyed. The 
material shall be protededagainst accidental ignition or 
explosion from fragments, grass fires, buming embers, 
or detonating impulse originating in materials being 
destroyed. 

G. Petsonnol AtMsctfon. 

fl) Operational stiidds A'ith overhead and 
frontal protection will be provided to protect personnel. 
Where circumstances warrant their use. complete per- 
sonnel protection shall be provided. Such structures 
should preferably be located at the appropriate inhab- 
ited building distance for the quantity and type of mate- 
rials betngdelonalsd but in no caeewHI this distance be 

less than 300 feet Employees m-jst useSUCh protection 

when explosive materials are destroyed by detonation 
or when explosive materials which may detonate are 
being burned. When Claas 1.3 material is being 
destroyed by burning, personnel must remain at the 
greatest practicable distance from the buming site but in 
no case shaN per s o n nel be permitted cloeer than the 
applicable public traffle route distances. 



(2) During disposal and destruction operations, 
the number of people in the area exposed to the hazard 
must be kept to a minimum. Warning signs or road 
blocks shall be posted to restrict the area and to ensure 
proper segregation of activities. At least two people are 
n ee ded in dtopoeal and desmidion opsratl o n s and 

operations shall be arranged so that not all of the per- 
sonnel are exposed to an incident. Personnel engaged 
in burning explosives should be provided with flame 
resisiaiitdoihing. 

d. SuperMbftm aiNf TMPiftig. 

The disposal area and its operations shall 
be under the direct control ot an experienced, trained 
supervisor responsible for all acUvWes within the area. 
The supervisor shall be present during all burning and 
demolition ground operations. During the supervisor s 
absence, a competent qualified person will be in charge. 
The alternate shall have sole custody of all ignition 
devices Prior to actual buming or detonation of expio* 
sives, all personnel including the demolition ground 
supervisor will be evacuated to a saia dMance or pro- 
tective structure a^ording adequate protection but con- 
sistent with the need to monitor the total operation until it 
is complete. 

(2) Personnel employed at the destruction area 

shall bo thoroughly trained regarding the nature of the 
materials handled, the hazards involved, and the pre- 
cautions necessary. The danger of using unapproved, 
improvised methods and other deviations must be 
thoroughly instilled in the minds of the employees. It is 
essential that thorough training and vigilant supervision 
be provided. 

(3) In the abaence of specHicregulallons cov- 
ering any phaseof the destruction of explosive material, 
complete infonra^ion will be fonwarded through com- 
mand channala to the Commandar, OARCOM, ATTN: 
DRCSF, rsqueeling Instructions and giddanoe. 

e. Containers for Waste Explosives. Explosives 
destined for the buming grourni shall be in original 
closed packages or in containers of fire-retardant mote- 
rials which will not contribute to the existing hazard by 
readily producing sparks when contacting rocks, steel, 
or other containers. Bags or containers made from eas- 
ily IgnHed material shall not be used. Contalnere shal 
have closures that will prevent spilling or leakage of 
contents when handled or if overturned. Closures shall 
be of a type that wil not pinch or rub explosives during 
closing and opening. The closures and surfaces of 
containers openings shall be thoroughly cleaner! of 
explosive contamination to minimize the hazard dunng 
dosing or opening. 
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f. Stnfking ol tMrueHon SWt. 

(t) Trucks transponing explosive maferiai to 
burning or demolition grourult shall me«i the require* 
MfVlt of ClMpMr 14. No mon than two pwaoM Miill 
fido fen ctbt 

(?) Upon amvmg at a t5uming or demolition 
ground, trucks may <]istn£>ute explosives containers or 
wpkMlvM items to be destroyed at sites wrfiert 
destruction Is to take place. As soon as all items liavt 
been removed, trucks shall be withdrawn from tttt 
bumir>g or demolition area to a sate iocatton until 
destniction is compUM. Coiuaindrs of mpMaivM aha! 
not be opaned unM ttm truck has baen wiQtdrawn 

{3) Container:, of ercvgotJc i.:dteri;.1s iter', to 
U. 'Jestroyrd at tlic dc.triirt'nn ^itc shall be sr^ottet 
doC operoO 0* Ica^l 10 feef froir. eac i other ^nd from 
explosives nritei iai previously laid for destruction 
til prevent ranld transmission of fire In event of 
premature Ignition. 

(4) Empty containers sHai be dosed and 

moved a sufficient distance away to prevent charnng or 
damage dunng burning o( the explostves. Empty con* 
tainars may be picked up by truck on the return trip altar 
dtli yf y of tha nwt quaniily lo ba daanoyad. 

(5) When materials being processed at 
destruction sites are lo be handled by gasoline or diesal 
powered fork lift truck, the requirements of Chapter 12 
uriibd observed. All audi nwiafiilliandled will be prop* 
arty packagad and must not bt eontafninatad witti 
axpiosives. 

g. Genera/ Burning RBquirements. 

(1) Lxccpt in specific Cdses, energetic ma- 
terials sfiall not burned in containers. 

(2) Bulk initiating explosives and others used 
predominantly in detonators and photoHaah compoai- 
Hons shaM be destroyed by detonation except that amali 
quantities (not exceeding 20 grams) may ba dacom* 
posed chemically. 

(3) Loose explosives, other than initiating 
axpiosives. may be burr>ed in bada not more than three 
inches deep. Wet explosives may require a thick b«d of 
raadily combustible material such as excalsior under- 
naoih and Itayond to assura itiai aW ttia axplosivas wiO 

be consumed once the materials are ignited From tha 
and of the layer of explosives the combustible nnaterial 
alMuld ba extended in a train to sarva as (he ignition 
point. When an ignition train of combuslibia maisfial 
leading to the explosi ve s i s u s e d , it must be arranged so 
that both it and the explosives burn in the (Section from 
wtiidi Old wind is blevvino. Tlia eorobustibia train of ttw 
•aptooivo. If igniloddifodly. muslbaigniiid by a salOly 



1^ of a langih wliidt wil paimit parsonnal 10 wrHlidraw 

safely to the protedive shelter, or by black powder squib 
iniuated by an electhc currant controlleO (rom a distance 
or atrudura wMdi aaauraa aafaty to parsormaf should 

the tola! quaniity of exptosivesdetonaie In some cases, 
it may be nece ssary to tie turn or more squibs together to 
assura ignition of the combustible train. When a misfire 
occurs, personnel shall not return to the point of initiation 
for at least 30 minutes. Not more than two qualified 
persons shall be permitted to examine the misfire. 

(a) Loose, dry explosives may tM burned 
without being placed on combustible material if Ouming 
will be compie'e and the ground does not becorrie 
uruluiy contaminated. Tha grour^ must t>e decontamt* 
naiad as fraquanMy as is naeossaty tor ma safaiy of 

personnel and operations Qualified inspectors shall 
exanrine the sites after each turning to determine if 
these requirements are met. Volatile flammable liquids 
shall not be poured over explosives or the undarlying 
combustible matehal to accelerate burning, aithor 
before or during tfte burning of matenais. 

(b) Wet explosives shall not be burned with* 
out llrsi praparing a bad of nonaxploaiva combualibia 

material upon which the explosives are placedto assure 
complete burning. It is usually necessary to burn BDX 
wot io provant dalonallon. 

(c) Pyrotadmic materials odlodod oo 

described in paragraph 1 5-5h(3) may bebumed. except 
as noted below, by emptying the containers or buckets 
oonlaining iho oil and pytotachnie mixHirointo a shallow 
metal pan and igniting as described above. The opened 
containers may t>e burned with the explosives. Burning 
of cokyed smokes and WP and HC mixes requires 
•padfie Mrihoriiaiion of Iho Commondar. ANC» 
ATTN: AMCSF. 

(4) Parallel t)eds of expk>sives prepared lor 
burning shall be separated by not less than 45.7 matars 
(ISOfaal). In repealed burning operations, care must be 
taken to guard against material being ignited from smol- 
dering residue or from heat retained in the grourul. 
Buminga shall not ba rapaatad on previously bumad- 
over plots for 24 hours unless the burning area has been 
tt>oroughly soaked with watar and an inspection ol the 
plot by competent personnd has boon mada to assura 
Iho safoty of porsonnd during o oubsoquoni burning 
oparation. 

(5) Some types of explosives ar>d tracer or 
igniter compositions give off toxic fumes when burned 
Pfopor protadivt rasplratory equipment, such as hoso 
masks, airtine masks, and self*contained tveaihing 
apparatus shall be worn where such fumes are likely to 
bo oneouniofod. 
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ti. iMmialf for OMonaUng Expfo''^' 

(1) Detonaiion of explosives should, whera 
practicabla. be initiated by electric blasting caps using 
blasting machinas or permanently installed aladfle dr^ 
euNs anafgiiad by Aoraga bananas or conventional 
power line. Improvised methods for exploding electric 
btasting caps stiall not t>e used. When items to t>e dato* 
natad ara eowaiad wWi aarth. aa apadfiad <n paragraph 
15'3i(1), blasting caps shall not be buned beneath the 
ground level with the initiating charge. The tnitiatir^ 
explosivas should be primed with primacord of sufficiant 
length lerMCh up through lha eoUfing to a point whara 
the btaaliiv cap may ba eonnaelad abova tha ground 
level. 

(2) Special requirements for using electric 
Masting eapa and aiaetrie blasting tiituits: 

(a) Electric btasting caps, other electric ini' 
ttators. electric blasting circuits and the like may be 
energized to dangerous levels by extraneous electricity 
auch aa: alalic alaetrieMy. galvanic action. Inducad alae- 
tric currents, high tensron wires, and radio frequency 
energy from radio, radar, and talaviaion tranamittara. 
Safaty praeautiona ahail b« tikin to radiiea Hm preba- 
bitity of a premature initiation of alactrte tttaling capa 
and explosives charges 

(b) The shunt shall not be removed from the 
laad wiraa of tha blasting cap until ttia momant of eon* 

necting them to the blasting circuit, except during elec- 
trical continuity testing of the blasting cap and lead 
wires. Tfve individual who removed the shunt should 
groundMmsalf or harsalf by grasping tha firing wire prior 
to performing the operation In order to prevent accumU' 
iatad static alectncity from firing the blasting cap. 

NOTE 

After electrical continuity testing of the 
l>lasting cap. the lead wires must be 
st>ort-circuitad by twisting the bare ends of 
the wires together immedlalaly after test- 
ing The wires shall remain short circuited 
until time to connect them to the blasting 
oifGuit. 

(c) When uncoiling the lead wires ot blasting 
caps, the explosivas end ot the cap should not be held 
directly m the hand. The lead wiires should be 

straightened out as far as necessary by hand and Shall 
not be thrown, waved through the air. or snapped as a 
wNp to unloosen the wire eoHs. Avoid loope by running 
lead wires parallel to each other and close together. If 
loops are unavo)dabie, keep them smaii. Keep wires on 
the ground m blast ng layouts. 

(d) Finng wires shall t^e twisted pairs. Blast- 
ing cireuil firing wires shali at all times be twisted 



together and connected to ground at the power source 

and the ends of the circuit wires where t>lasting cap 
wires are connected except when actually firing the | 
duvge or tasting drcuil continuity. The connection 
between blasting caps and circuit firing wnres must not 
be made unless the power and ot the circuit lead (tiring 
wiresl are shorted and grounded. Tf»e foMowinfl i 
methods should be followed when connecting 
electric type btasting cap lead wires to the firing 
circuit wires: 

1. Check wires leading to the blasting 
machine for continuity and stray currents. 

2 Test electric blasting cap wires for eleo- 
trical continuit>' and after the test, conned 10 wires 
iMdtrtg to trie b asting machines. 

3 Evacuate all but two.persons from the 
area. Piace'eap mto charge to be detonated. 

4 Unshort firing lead wire circuit and ehecli 
for continuity. 

5 Connect firing laad wire to blasting 
machine and lire charges. 

£ After fifing, remove lead wires from 
Wasting machine and twist the end to short them. 

(e) E lectric blasting or demoiitton operations 
and unshielded electric blasting caps should tM sepa- 
rated from radio frequency energy transmitters by the 
mirwmum distarKes spacittad m tat}les 15-1, 2. and 3. 
These distances apply to all parts of tlw operation. 

Including the lead wires of the cap and the finng w:res 
circuit. Belore connecting electric blasting caps to the 
firing wires, the blasting circuit must be tested for the 
presence of eatraneous electricity by the following tasit 

X Arrange a dummy test circuit, essentially 
the same as (he actual blasting circuit except that a No. 
47 radio pilot lamp ot known good quality inseded in 
place of Ihe bissting cap sha> be used without applying 
electric current lo thecrcu;! Any g'ow is evidence o'tha 
presence ol possible dangerous amounts ol BF energy 
and blasting operations in such areas must be per- 
formed with non>eleclric blasting caps artd safety fuse. 

2 The Dupont Blaster s Multimeter. Model 
101 . may be suhst»tuied for the No. 47 radio pilot tamp If 
the exposure is to raoar. television, or other microwave 
transmitters, the actual Masting circuit, with blastingcap 

included, but without othe'' explosives st^att be used to 
test for extraneous elecmcuy. Personnel performing 
such tests must be provided protection from the effects 
of an exploding blasting cap. Distances prescnbed m 
tables 15-1, 2. and 3 should be used as a guide in the 
selection of sites lor electric blasting operations in the , 
vicinity ot radar and other microwave transmitters. ' 
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and Btdrie Oa&Ung OpenUonB 







power 










(wans) 












Commarcial 


HFtnm 
AMtaM 


tmn 


100 


228.6 


(750) 




(700) 


500 


228.6 


(750) 


518.2 


(1 700) 


1,000 


228.6 


(750) 


731.5 


(2,400) 


4.O0O 


228.6 


(750) 


1.463.0 


(4.800) 


5.000 


259.1 


(850) 


1.676.4 


(5,500) 


10.000 


396.2 


(1.300) 


2.316.5 


(7.600) 


25.000 


609.6 


(2.000) 


3.657.6 


(12.000) 


50.000^ 


853.4 


(2.800) 


5,181.6 


(17.000) 


100,000 


1,188.7 


(3,900) 


7,315.2 


(24.000) 


500.000^ 


2.682.2 


(8.800) 


16,764.0 


(55.000) 



1 Prn?e'^ TiaYimum power of US broadcast transmMiit bi CommMCial AM BWidMt l RwiMney Rang* (0 J80 10 1.60B MHi). 

^Present maximum for internanonal broadcast 

Tabto }5-2. Minimum Sa/e Dtsrances Betvireen /VfoMe Transmitters 
and BecMc lasting OparaOons 



Minimum Sate DIetanoes Meiers (Feet) 



TrarwrnWer 
WMt 


i 

« -a 


HF 

28 to 29 7 MHz 

Amateur 


VHF 

35 to 36 MH? Pub Use 
42 to 44 MHz PuD. Use 
50 to 54 MHz Amateur 


1 

X CO 

5C '±1 y 
IF- g 3 


UHF 

450 to 460 MHz 
Public Use 


5« 

10 


12.2 


(40) 


30.5 


(100) 


12.2 


(40) 


4.6 


(15) 


3 


(10) 


50 


27.4 


(90) 


67 


(220) 


27.4 


(90) 


10.7 


(35) 


6.1 


(20) 


100 


38.1 


(125) 


94.5 


(310) 


39.6 


(130) 


15.2 


(50) 


9.1 


(30) 


1802 














19.8 


(65) 


12.2 


(40) 


250 


61 


(200) 


149.4 


(480) 


62.5 


(205) 


22.9 


(75) 


13.7 


(45) 


500'^ 










88.4 


(290) 










600* 


9tA 


(300) 


231.6 


(m 


96 


(315) 


35 


(116) 


21.3 


(70) 


1.000« 


122 


(400) 


298.7 


(«ro) 


125 


(410) 


46.7 


(150) 


27.4 


m 


10,000" 


381 


(1.250) 






396.2 


(1.300) 











*Cttizene band radio (wakke-takte) (26.96 to 27 23 MHz) - MIrtimum safe distance - ftve feet. 

>Mt)iiinurnpowarfor2^rnobiteiHiilsinVHF(150.8to16l.6MHzrange)aw^ 
MHi itiflgt). 

*IIMinuni potMir1arii^i(rVHFa«qrnioHbandftudtiiionunliain9Bto4^ 

*Maximur^ powe* for ?-way fixed sfatfofi units m VHP (18M tO 1W.8 MHe iwg^. 

*Maiiiinum po«rar tor amateur radio mobile units. 

•MiNlmiiin pMiR» tor Mnia bMM iMona ill 48 to 44 MHi M 
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TaM fW. Minimum Safe Distances Borwoon TV and FM Broadcastng 
Transmitters arid BecMc Biasing Operations 



Ef BCf 1 VFI 




« — 

imnini 










radiative 














































i2to6 


OhwHwiiTtolS 


UHF 




•ndFM 












304.8 


(1.000) 


226.6 


(750) 


162.9 


(600) 


10000 


546.6 


(1.800) 


396.2 


(1.300) 


182.9 


(600) 


100.000' 


975.4 


(3.200) 


701 


(2.300) 


335.3 


(1.100) 


3ie.ooo» 


1.310.6 


(4.300) 


914.4 


(3,000) 


442 


(1.450) 


1,000.000 


1.767.8 


(5.800) 


1,2192 


(4,000) 


610 


(2.000) 


5.000.000^ 


2.743 2 


(9.000) 


1.889 8 


(6,200) 


914.4 


(3.000) 


10.000.000 


3.109 


(10.200) 


2^55.5 


(7.400) 


1.066.8 


(3.500) 


locooom 










1,028.8 


(8,000) 



*Pr«Mnt mawmum powet, channels 2 to 6 and FM. 

VMHrt nMrfmum imiMf cfmiwlK t4 to 

(0 Blasting or demolition operations shall not 
be conducted during an electrical storm or when a storm 
IS approaching. Ail operations shall be suspended, cap 
wiKM and toad wlraa slial ba aliofi^ireuHad, and al 

personnel must be removed from tlw demolition area to 
a sate location when an electrical storm approaches. 

(9) Prior to making connections to the blast- 
ing macMna, lha firing dfCiA shaR ba laslad with a 

galvanometer tor electrical continuity. The individual 
assigned to make the connections shall not complete 
lha circuit at Via btailing maeNna or al ttia panel, nor 
shall t>e/8he give the signal for detonation until he/she is 
satisfied that all persons in the vicinity are in a safe 
place. When used, the blasting machine or its actuating 
davioa shaN ba m ihto individual's posaaaaion at aH 

times When the individual uses a panef, the switch must 
be locked in the open position until ready to tire and the 
Single key or plug must ba in hia/ltar posaaaaion. 

(h) Electric blasting caps must ba in doaad 

metal boxes when t)eing transposed by vehicles 
equ4>ped with two-way radios and also when in areas 
wharaamranaouaatactricity is knowntobaprasantorls 
aiispaclad of bein0 prasant 

(3) Safely fuses may be used in the detonation 
of explosives where methods described in I5*3h(1) 
abova cannot ba accomplished. Safety fuse, whan 
usad, must ba laslad for burning rataalthabaginning of 
each day's operation and whenever a new coil is used 
Sufficient length of fuse shall be used to allow personnel 
Id ratira to a safe distance, but under no drcumslancas 
should a length be less than three feet or have less than 
120 second burning time. Crimping of fuse to detonators 
must ba aeeompMshad with approvad crimpars. SalMy 



fuse which is too lar^ in diameter to enter the blasting 
cap without forcing shall not t>e used. Before igniting the 
safety fuse, all personnel except the supervisor and not 
more than one asatetant shall retire to the paiaonnsl 
ahalter or be evacuated from the demofitton uaa. 

(4) When using blasting caps jnvoMf>g tt>e 
aiactric or non*alectric system of destruction, the expio- 
alvas and of tha bMnQ cap ahal aiwaya ba poiniad 
anway froni 6ia body. 

i. Oatoiiatfonoffj«}fasiVaf. 

( 1 ) Explosives to be destroyed by detonation 
should be detonated in a pit not less than four feet 
deep and covered with not less ^an two feet of earth. 
The components should be placed on their sides or in 
position to eMpoca the largest araa to the influanca of 

the initiating explosives wvith an adequate number of 
demolition blocks placed in intimate contact on top of 
the item to be detonated and held in place by earth 
packed over the demolition blocks. Bulk explosives 
can be used as a substitute for demolition blocks. 
Where space permiu and the demolition area is 
remotely located from inhabited buildir«gs, boun- 
dariev A orV areas, and storage areas, detonation of 
shells and explosives may be accomplished without tha 
aid of a pit. In either event, however, the total 
quantity to t>e destroyed at one time, dependent on 
local conditions, should be established by trt jf meth- 
ods to assure that adjacent and nearby structures and 
personnel are safe from the blast affect or mtsiilas 
result ng from the explos on Rocket solid propellents 
should not be destroyed by detonation (paragraph 15- 
3p^. 
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(2) After each detonatron a search shall be 
made of the surrounding area tor unexpioded materials. 
LumpsofeKplosivM may IM picked (ip and prapaiMJ for 
ths rwxt dstonaUon. 

(3) In case of misfires, personnel shall not 
return to the po<nt of detonation for at least 30 minutes 
aftw which iKit mora than twmqualM 

pwmMwl to MsmiM mMlMi 

(4) AR 95-PiC outlines the organization and 
functions of Regtonal Airspace Subcofnmittees and 
eslBMIshes unHbrni pracadurM for ifw handing of 
airspace problems. DARCOM installations will request, 
ttirougfi chanr>els, airspace clearance for demolition 
ground activities in acoordar>ce witti these regulations. 

j. Dynan^. Unopened boxee of exuding dyna- 
mite to be destroyed should be burned on a bed of 
combustible material without t>eing opened Precau- 
tions must be tai^en to protect personnel and property 
tinom poesiUe delonallon. Individual cartridges may be 
burned in a single layer not greater in width than the 
length of one cartridge, on a bed oi combustibie mate- 
rtai. DynamHe awaiting deetruetion shail be shielded 
from the sun. Frozen dynamite is more likely to detonate 
during burning than normal cartridges. Destruction of 
dynamite by detonation may be accomplished where 
the location wiii peimitthis method of destruction. Care 
in printing to assureoompieledelonMion Of the quantity 
must be taken. 

k. Initiating Expk^ives. When relatively large 
quanlllies of initiating SKploeivee euch as lead azide or 

mercup/ 'ulninate are to be destroyed, detonation is the 
best method. The bags containing the explosives 
stiould be kept wet white being transpoftedtothe demo- 
lition area. A predetermined number of bags should be 
removed from the containers, carried to the destruction 
pit, placed in intimate contact with each other and blast- 
ing caps used to initiate the explosives. The remaining 
explosives shall be kept behind a barricade with over- 
head protection during the destruction operations and 
iocalad at a distance lhat wil assure safely. 

I. RDXandPETN. RDX and PETN may be 
burned as described in paragraph 15-3g, Since RDX 
and PETN are usually collected wet, they should be 
spread out and partiaRy dried prior to burning, if the wet 
material will bum incompletely and with difficulty on the 
combustible bed, before any preparation for initiation is 
attempted fuel oil may be sprinkled over the bed of 
combustibte materiid upon which the explosive is 
placed. 

m. Propetting Charges. Propelling charges with 
igniters may be burned without slitting but in all cases 
Igniter pfolactor cape shall be rantoved from the 



charges to l)e burned Protection must also be provided 
against possible projection of the charges and expk>- 
sion. Propelling charges must not be pHed one on the 

other but shall be bumed in single layer of charges laid 
side by side. Core igniter type charges in tt>e sir>gle layer 
should be separated by a distance equal to one calitMr* 

n. MiokPom/v. 

(1) Btsdt powder is beat disposed of by dis- 
solving out the potassium nitrate in a closed system and 
disposing of the solid wastes separately. It may also t)e 
bumed as described below. Upon drying, wet biadt 
powder may retain some of its explosive properties 
since the nitrate may not have been removed com- 
pletely. 

(9 Only tools of wood or sparic-resistant metal 
will t>e used in opening the containers. The contents of 

only one container will be burned at one time: no quan- 
tity should exceed 50 pounds. The poi^der must be 
removed from theooniainerand spread en the ground In 
atrain approximately two inches wide so that no part of 
ttie train comes closer than 10 feet to another part. To 
ignite the powder bed, use atrain of Itammable material 
approximately 25 feet in length placed so that the train 
and the bed of powder burn into the direction from which 
the wind is blowing. Emptied black powder containers 
wil be thoroughly washed wifli water. Serious expio- 

sions have occurred during handling of suppnsediv 
empty black powder cans. Safety precautions shall be 
observed. 

o. Pyrotectmic Mmeriato. Loose pyrotechnic 

materials should be bumed under the same conditions 
as black powder. Water-wet pyrotechnic materials may 
be bumed In smal quantities in lumaees designed and 
approved tor that purpose. 

p. Rocket SoM Pmpeflants. 

(1) Wherever practicat>le, propeflant must be 
removed from rocket motors and destroyed by burning. 
In the event removal of the propelant is not pradlcabte. 

the rocket motor shoukj be positioned or restricted to 
prevent movement and propellent in the units shail be 
destroyed by static tiring. When units are to be 
destroyed by static firing, complete details of the proce- 
dures must be submitted to the Commander, OARCOM. 
ATTN: ORCSF for approval. 

(2) Rodtel or missile propellents (solid) may 
weigh as much as several thousand pounds per grain 
and the polymer-oxidizer type may be extremely difficult 
to ignite at atmospheric pressures. Large size rocket 
motors for specific systems may l>e destroyed in 
accordance with instructions contained in technical 
manuals or technical bulletins applicable to such 
svsiems. 
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15-4. OMtmctkm by CtMfnIcal Mmim. The 

chemical destruction of loose explosives, exMpI M 
provided below, shall not be permitted unless approval 
is given by the Commander, OARCOM. Chemical 
iinuHHia muac oe supeivnea ny <|uwnM pefsonnw 
having knowledge of chemistry. Chemical methods 
shall not be used in an attempt to destroy explosives 
Mf I mu I wv sncioaM or praMoo tmo coinpofwrm sucn m 
detonators. The following procedures may be used 
under adeq u ate supanriaion for 28 grama or leaa of the 
explosives named. 

c Mafcury Fuftnlnoto. Plaoeaquantity of aque- 
ous aodlum thiosulfate (hypo) solution (20 percent by 
weight of sodium thiosulfate) equal to 10 times the 
weight of mercury fulminate to be destroyed in a wood or 
oo ftt w iwane container. While agRating the hypo aolu- 
tiop add water-wet mercury fulminate. The mixture shall 
be agitated by air or mechanical means but not by haiKl. 
Agltalion must be oonflnued until an fulminale haa been 
dissolved, usually within two hours. Operators shaH 
keep to the windward of the ccnfair>er or wear gas 
maslts to avoid inhaling any cynogen gas evolved. 

b. AMbnDOiyeertf. Small f|uanlillea of nitroglycerin 
may be neutralized or de e t roy a d wHh a mixlura of ttia 

following solutions- 
Solution A. Sodium sulfide (pulverized) (nine parts 
by weight) and walar (30 parts by weight). 

Sdulion B. Denatured elhyl alcohol (70 parts by 
waighO and acetone (20 parts by wefghQ. 

Do not comtMne the ^vo solutions until immediately be- 
fore use since potency ot the mixed solutions diminisfies 
on storage. This mixture should be used only for very 
SfTiall quantities of nitrogivcorin (e.g., the oily film that 
adheres to surfaces after the nitroglycerin has beon 
removed with sponges or absortied in wood pulp or 
sawdust). Oparalofs using INa soHMon should wwar 
rubber gloves. 

c Black Powder. Black powder may be com- 
pletely destroyed by leaching or washing with large 
mi art illni w n f s wi l Hr nni H l iinn i ii iP" mmnm 
ratefy from the residue. 

d. Lead Azide. 

(1) Lead azide aocumuiated on surfaces 
tfiouM be taken up WfWi water wet dolhs. The dottis 
should then be washed out in one of the solutions 
named below after which the complete desensitizing 



treatment is carried out in the solution.The cloths should 
be thoroughly washed with water before reuse. Empty 
shipping bags should be turned Inside out and Iroatad 
while still water-wet. 

(2) The preferred chemical method for 
desboying lead azide is 10 use a 20 to 25 percent aque- 
ous solution of coric ammonium nitrate. When small 
quantities of lead azkle are destroyed in this manner the 
fsacHon is not violent. Since one of the praduds of lha 

reaction is a gas, the ending of thagaSSWOlUllonind^ 
cates completion of destruction. 

a. Decontamination Requ^ementf. 

(1) The cleansing of equipment, buildings, and 
grounds of explosive matenals is a difficult, tedious, and 
somotfrnoo hazardous operation. Because of the wide 
variety of materials Iho existence of cracks, crevices, 
and cavities, and the possibility of explosions and tt>e 
evolution of toxic or explosive gases, the operattoris ar>d 
ischniquaa must be made as simple as possMa and 

various precautions taken to ensure safety of personnel 
and completeness of decontamination. Serious acci- 
dents have occurred through the subsequent handling 
or heating of incompletely deconlaminatotJ equipment. 
DARCOM Safety Manual and OARCOM Regulations 
d85-asrles provide detailed safety measures. 

(2) Loading plants, because of the use of a 
number of explosive matenals. present particularly dH- 
ficult problems of decontamination. The procedures 
appropriate to savatal dWeient mploslvea manutaolup* 
ing plants may t>e required for the decontaminaHon of 
different parts of an individual loading plant. 

(3) With the growing complexly of modem 
military exploshm and propellanlBbscBuse of ^Intro- 
duction of new nonexplosive ingredients as well as 
mixtures of explosives, the problem of decontamination 
is increased correspondingly. New and special com- 
positions, thofofbrai should ba given careful technical 
consideration bafors daoontamlniMon operations aia 
undertaken. 

(4) A necessary fur)ction of decontamination is 
the collection of industrial wastes for destruction or 
reclamation. Elaborate controls arc required to assure 
that these collection efforts are performed safely and 
economically wHhoul causing down-tbna In assa n Ba l 
oparaUons. 
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b. DeooiHmnbmton and DIunmUng E>^)h»l¥99 

EstBblFshments. The decontamination and disman- 
tlinQ procedure to be followed tor explosives estab- 
iehmentt upon oetMllon of aelMty or upon eonversion 
to other uses shafl be outlined in detail as prescribed in 
TB 700-4 Requirements shall be developed tor clean- 
ing and dismantiing equipment preparatory to repair or 
wa i mo w a nce. Any equipment uaed in an eaiplosive 
operation which may subsequently be used m opera- 
tions with rran-expiosive material or explosives other 
tlian that for virliich fhe equipment was used originally 
shall first be given whatever treatment is necessary to 
insure that no explosive material remains Decontami- 
nation marfungs and the use oi DA Form 3603, Materiel 
mapadion Tag, should be indudotf as a part of these 
requirements. 

C. OBContamination Operations 

(1) Wherever practicable, decontamination is 
anaeisd by the physical operaBons of ivashing, steam* 
ing. and vacuuming. White ws^iing operations suflioe 

for most pyrotechnic materials, some smoke and incerv 
diary compositions present explosion hazards when wet 
With water. A amal amount of water contacting 
hexachloroethane (HC) smoke mixture may cause an 
expk)Slon and release of toxic fumes. Metai objects 
Such as ntlralors, oenlrifuges, tanks, piping, etc. are 
washed with water and steamed. Wooden objects such 
as railings, paddles, etc. and buildings such as dry- 
houses, and packing materials, gasi<.ets, etc.. are 
(lastroyed by rsmoving and buming altar prsiiminary 
cleaning. Earth that is so contaminated as to offer a fire 
or explosion hazard is wetted, scraped up. and burned 
at a burning ground. 

(2) Fraa add present In aqulpmsni raquirss 

neutralization as well as washing and a five percent 
solution of sodium carbonate (soda ash) is used for this 
purpose. BacMisa of the uncertainty of compleie 
removal of explosives in all cases by the physical 
methods described, chemical methods are used also to 
supplement these. Standard decontamination proce- 
dures include the dscontamlnaiing chamlcai ahown by 
table 15^. 

d. Collection of Contaminated industrial 
Wastes. Industrial wastes which may contain explo- 
sive materials and ciiemicai agents shall be collected 
only in holding, storage, or disposal tadMias spacHiosly 
designed and permitted (i.e., having environmental 
operating permits) for that purpose. Disposal into sani- 
tsry aewsrs. aepHo tanks, sarritary filter tanks, and 



uninad sumps, settling baains, or leaching pits is pro- 
hibited except as specifically authorized by permit. 
Sumps should be desensitized and cleaned at regular 
intervals. Cracks and crevices may contain expkisives 

residue. Such residue must not be subjected to impact 
or friction from such sources as high pressure water 
streams, scraping tools or devices, etc., which may 
InNiaiw the sensllive expioaivea. QuamHias of initialing 

explosives 'n excess of 28 gr,ams shall be destroyed by 
biming or detonation (see paragraph 15-3). Explosive 
materials to lie removed from a settling basin shouM be 

maintained wet until removed. The more sensitive 
explosives should be maintained wet until destroyed. 
Materials containing powdered metals should be kept 
under water to prevent any dangerous rise in tempera- 

ture which might other.vise be dcvptoperi in 'he reaction 
between the metais and a small quantity ot water. 



TablBlS-4. I 


lecontamfnating Chemlcais 


Contaminant 


0«contanHnating dMmical 


LaadazMa 


Carte ammonium niMMo 


Mercury fulminate 


Sodium thiosulfate 


Nitroglycerin 


Methanolic sodium suilita 


Nitrocellulose 


Sodium hydroxide 


Smol^eless powder 


Sodium hydroxide and acetone 


TNT 


Sodium cart)onate and sellite 


Tetryl 


Sodium cafbonala and sellite or 
acatona 


White phosphorus 


Acetone 

Copper sulphate solution 



e. Deposition from Waste Liquids. When sumps 
or basins are properly designed, the wash water which 

passes bevond f^ltcs and basins should bo froo 'rom 
significant amounts oi explosive matehals. If the effluent 
is discharged into a public stream, river, etc. It must not 
contain more explo^ves than permitted by local and 
state regulation. Consideration should be given to the 
possibility ot deposition of explosive materials on the 
banks of streams or marshM during parioda of drought, 
as well as to any possible subsequent precipitation of 
explosives with change of temperature, acidity, or con- 
centration of the waste waftsr. Where uncertainty exists 
regarding the composition of waste waters, competent 
lachnicai advice and assistance shouM ba olMalned. 
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f Handling Water-^niubie Materials. Where 
ammonium picrate, black powder, or other materials 
which af» appreciably aoluble in watar are handled, the 
amount of dissolved material should be kept as low as 
practicable. Floors should be swept before washing 
down to reduce the quantity of dissolved material in the 
vntflli water. 

g. Destruction of Collected Solid Wastes Con- 
taminated solid waste matenal should be taken in 
closed containers, as soon as practicable, to buildings 
aat apart for its traaimant orio the burning ground to be 
destroyed in an appropriate manner Collected explo- 
sive and chemical wastes must not be disposed of by 
being buHed or thrown in any streams or tidewater 
unless they are decomposed by water. Disposal of 
decomposed wastes in streams or tidewater will be 
aNowedoniy if permitted by federal, state, and local laws 
and ragulalions. 

h. CoKedlon at B^Mves Dusit, 

( 1 ) Dust collcctinq systcrTis may be used to aid 
cleaning, to lessen expk>sion hazards, ar>d to minimize 
industrial jothincurred poisoning and dermatitis. 

(2) Examples of high explosives dusts which 

may be removed by a vacuum system are TNT, tetryl, 
ammonium picrate, composition B. and pentolite. A wet 
collector, which moistens the dust close to the point of 
origin and Iceeps tt wet until the dust is removed for 

disposal, is preferred except for ammonium picrate 
which should be collected in a dry system. 

(3) More sensitive explosives such as black 
powder, lead azide. mercury fulminate, tracer, igniter, 
incendiary compositions, and pyrotechnic materials 
may be collected by vacuum in this manrter. provided 
ttiey are icept wet wHh the wetting agent, dose to (he 
point of intake Tbc vacuum (aspirator) systems must be 
so arranged that the various types of explosives are 
collected separately or in a manner to avoid mixture of 
dissimilar hazards; i.e.. black powder with lead azide. 
Provision should be made for the proper Mbe'ation of 
gases that may be formed. The use of vacuum systems 
for colecting these more sensHive materials should be 

confined to operations involving sma" quart tics of 
explosives: for example, in operations involving fuzes, 
detonators, smal arms ammunition, and black powder 
igniters. Potential fire and aaploelon hazards can be 
minimized bv collecting scrap pyrotechnic, tracer, flare, 
and similar mixtures in No. 10 mineral oil. Satisfactory 



techniques include placinn thn n l in catch pans and 
scrap transportirtg containers at the various operations 
throughout the plant, and by having Individual oil con- 
tainers serve as collection points for multiple operations. 
In the latter case, nominal quantities of dry scrap may 
accumulate at operating locations before they are deliv> 
ered to collection points and placed in containers of oIL 
The level of oil shnuir! be ><»pt at leas* 2 'yj centimeters 
(one inch) at)ove the level of any pyrotechnic mixture in 
the containers. Containers In which soap explosives 
and pyrotechnic ma'erials have been collected shoukJ 
be removed from the operating buiklings for burning at 
least once per shift. Where oil is used, fire-fighting 
equipment satisfactory for Class B fires should be avail- 
able. CartxH) dioxide or foam extinguishers are raoom- 
mended. 

i. Location of CoVection Chambers. 

(1) Whsrever practicable, dry type explosives 
dust collection chambers, except portable units as 
specifically provided for in paragraph 15-5j(3), should 
be located outside operating buildings in the open or in 
tMfiidkigs exclusively sal aside for the puipoee. In order 
to protect operating personnel from an incident invohring 
the collection chamber, a protective barrier must tw 
provided between the operaAng building and the outside 
location '}■ sepaiale building where the collection 
chamber is placed. If the collection chamber contains 
11.35 Idlograms (25 pounds) of explosives or less, the 
protective barrier may tie a 30.5 centimeters (12 inch) 
reinforced concrete wall located at least 2 44 meters 
(eight feet) away from the operating building. The col- 
lection chamber must be separated from cubids waNa 
by at least three feet. If the collection chamber contains 
more than 1 1 .35 kilograms (25 pounds) of explosives 
and is separated from the operating building by a 30.5 
centimeters (12 inch) reinforced concrete wall, the wall 
must be separated from the operating building by a 
minimum of unbarricaded inUaline distance. The cutMcle 
may be placed at a minimum of baiiicaded intrafine 
distance from the operating building if the protective 
barrier meets the requirements of OARCOM safety reg- 
ulations for operational stiields (Induding the required 
three foot distance between the barrier and the explo- 
sives) and for the quantity of explosive in the collection 
chamber, or if the barrier complies with the require- 
ments of paragraph 12-11 v for barricades. Barricaded 
and unbarricaded tntraline distances win be based on 
the quantity of explosives in the collection chamber. 
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(2) When it is not practicable to locate dry type 
oolMtion chamt)er8 outside the operating building, a 

separate room within the building may bo set aside for 
the purpose. This room shall not contain other opera- 
lions nor ahall it be used asaoormnunieailng corridor or 
passageway between other operating locations within 
the building when explosives are being collected Wails 
separating the room from olliarportions of tlie operating 
build ngs must meet the requirements spodfled in 
DARCOM safety regulations for the quantity of explo- 
sives tn the collecting chamtwr. if more than one oollec- 
Hon oiiamber isloboiecfllodinlho room, ihofoofn must 

be subriivided into cubicles by walls meeting the 
requirements of OARCOM safety regulations and not 
moTB than one ooNeetion elwrnbor thai be in a tingle 
cubide. 

(3) Stationary and portable wet type collectors 
may be placed in the explosives operating bays or cubl- 
cfes provided the quantity of explosives in the collectors 
does not exceed five pounds, if placed in aaparafecuM- 
ctes, the explosives limits for the collectors may be 
increased to the amount reflecting the capabilities of the 
cubide wans at operational ahialda. Fbrgraaiar quan- 
tities, the location requiramenia aet forth above are 
applicable. 

j. Design anci Operation of Collection Systems 

(1) Collection systems and chambers shall be 
designed to prevent pinching exfilosivee (especially 

dust or thtn layers) between metal oarts Pipes or tubes 
through which dusts are conveyed should have flanged, 
WBKiea, or ruooer oufinecnons. i fiiwKiea oonneciKjns 
are prohibited. The system shall be designed to 
minimize accumulation of explosives dusts in parts 
other than the collection chamber. Accordingly, pipes or 
ducts through which high explosives are conveyed shaR 
have long radius bends with a cen'erline radius at least 
four times the diameter of ducts or pipes. Short radius 
bends may be used In systems for propsllant powder 
provided they are stainless s'eel with polished interiors. 
The number of points of application of vacuum should 
be kept to a minimum. So far as practicable, each room 
requiring vacuum collection chambers, but not more 
than two bays, shall be serviced by a common header to 
the pnmary collection chamber. Wet primary collectors 
are preferred. Not more than two primary colleclors (wet 

or dry type) should be connected to a single secondary 
ooliector. If an operation does not create a dust concen- 



tration which may produce a severe health hazard, 
manual operation of itte suction hose to remove eMplo> 

sivcs dusts is preferred to a permanent attachment to 
the explosive dust producing machine. A permanent 
attachment inorssses tfie Mtedhood of propagation 
through a collection system of a doionatiori occurring at 
the machine. Interconnection of manually operated 
hose connections to explosives dust-producing 
machines ahouid Im avoided. 

(2) Two collection chambers should be 
installed in series ahead of the pump or exhauster to 
prevent explosives dust from entering the vacuum pro- 
ducer in dry vacuum colleclion systems. 

(3) Dry type portable vacuum collectors shall 
not be located in a bay or cubicle where explosives are 
present or in inclosed ramps but may be positioned 
outside the bundbtg or m a asperate cubicle having 

substantial dividing walls for quantities of explosives not 
exceeding five pourKis. Wet type portable vacuum ool- 
lectors may be placed In expioiBives opsrating bays or 

cubicles provided the quantity of explosives in the col- 
lector is limited in accordance with the requirements of 
paragraph t&-5i. For dry collection of quantities in 
excess of 2.3 Idiograms (five pounds) or wet collection of 

quantities in excess of 6 8 kilograms (15 pounds), the 
further provisions of paragraph 15-51 shall apply. 

(4) The design of wet collectors shall provide 
for proper Immeralonof explosives, IseaMng up air bub- 
bles to release airborne particles and removal of mois- 
ture from the air before it leaves the collector to prevent 
moisiened particlea of axpioslves fnm entering the 
small piping between the ooliector and the exhauster or 
pump. 

(5) At least or>ce every shift, explosives dust 
shall Im removed from the ooliector chamber to elimi> 

nate unnecessary and hazardous concentrations of 

explosives The entire system should be cleaned 
weekly, dismantling the parts it necessary. 

(6) The entire exploelves duet oollecling sys^ 

tem shall be electrically bonded and groimded. The 
grounds must be tested frequently. 

(7) Slide valves for vacuum coiie^onsystsms 
arepefmltlsd. There sha> be no metahtoHnetal oonlaeis 
wUh the metal slide. An aluminum sHde operating 
between two ebonite spacer bars wMI not constitute a 

hazard. 
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1M, DwnllHarfiilton. 

a. Pollution Abstemenf and Waste Recycling 
RequkBrnents. The problem oi what to do with out- 
(tatod miHTNinlllon to piwwit both poNullon md hazsnl- 
ous situations from occurring is an enormous one which 
dates back more than a century. At first glance, two 
answers become apparent, i.e., complete disposal or 
partial dtepOMi with some racydng. The various 
chemical constituonts of the warhead, propellant, or 
pyrotechnic are not only explosively t^ardous but are 
linequentiy of atogdeoharacler. DispOMi by dumping into 
the world's oceans, incineration, or cfetonation have 
been shown to be not only dangerous but an addition to 
world pollution and as such, a persistant universal 
haaith hazard. Further, the problem of pollution from all 
sources (military and non military) became so acute in 
the United States in the early 1 970'8 that both Presiden- 
ttal Exaouflve Ofdors and Congrosaional lagislatlon 
required that federal and private facilities t>e set jp or 
converted to handle both pollution abatement and waste 
recycling To this end, aW US Mflitary services (plus the 
AEC. now NRC) launched or vigorously continued their 
efforts to develop safe, efficient, and non-polluting 
methods of disposal or recycling of outdated ammuni- 
tion, in parUeular, thair anwgatic matarial content 

b. Recovery and Reclamation of Energetic 
Materials Certain energetic materials such as rela- 
tively stable high explostv^ and pyrotechnics can be 
aasHy reclalmad and raloactod, but solkl prapallants 
which may have a imilad itoraga IHa, ioquira signmcant 



degrees of processing before they can be recycled or 
converted to other products. In many instances er>er- 
getic material component recovery was not economi- 
catly feasible. Energy consarvaiion requirements 
strongly favor the recycling of energetic materials over 
pollution-free disposal (or the wasting) of these mate- 
rials. 

c. Redesign of Ammunition for Use of Recycled 
Energetic Materials To have a safe, effective, and 
efficient program of ammunition recycling, ammunition 
ttnt can ba raadily raeydad must ba avaUMa. To this 
end a new concept in ammunition design has been 
evolved. Ammunition items (inclusive of explosives, 
propeflants. and/or pyrotechnics) will be designed and 
tabricaiad in such a mannar as to ba aasily and aafaly 
recycled. 

d. Explosives Reclamation. Preliminary removal 
of the high explosive charge from a mine, projectile, or 
shell usually involves the use of hot walar or steam to 
liquefy the explosive which is then separated from the 
water by gravity, or contour drilling followed by high 
prsssura watararaslon to remove the high explosive 

residue The new concept of ammunition which can l>e 
readily recycled by design, however has resulted in the 
prepackaging or encapsulation of the entire high explo- 
shrs charge for easy and safe removal. After saparaUon 
of the casing from the charge, table 1 5-5 summarizes 
the various procedures which have been developed to 
rscovar tha indMdual oonsMtuanls ol tha charge. 



TablS T5-5. High Explo^ AsclRffiattoff 



r'umUlH^ni i MWIMiillliliMI 


ExDkkifiM fwamnnr 

•■Wj^WW^W IWWP^wPy l^WWWWHifW 


HBX from H-6 composition 


A hot water erosion process removes the HBX from the warhead. 
Then the water explosive mixture flows into a vacuum icettie where 
the water is removed. The dried explosive is then dispensed 
through a multiported dispenser to an endless steel belt where it 
solidifies and is broicen inloflalces asitllcwsoff the belt Remeiting 
and composition adjustment to fonn new HBX typss or is then 
easily performed. 


HMX from PBX 9404oomposilion 


Preferential extraction of the binder is performed with concentrated 
(70 percent) technical grade nitric acid by adding the add to the 
PBX component end heating the mixtureto behween 70*0 end 9S*C 
for several minutes. After cooling to room temperature, the excess 
acid is withdrawn. The extraction procedure is repeated until the 
HMX is free of the binder. The acid is then diluted with water and the 
HMX ooleclad by vacuum fiNralion. Yield is 82.0 to 86.6 percent 
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TabtB 15^ High expto8lv9 Radmnathn (Cont) 



CorwMuwM-oofT^XMWon 


Expioaivs recovery tecttntque 


HMX from PBXCOfflpMWOMdWBlopod 

aflMrl974 


Tt>e binders wtiich are incorporated in these post-1974 oompoal- 
tions are selected for their heat sensitrvFty For example, 
polypropylene-glycol-urethane can be degraded when heated to 
100^ for lOtwuri. The HMX can then be extracted wtttimeQiylene 


RDX from RDX composition A aixl ROX 
and TNT ROX composition B 


Selective batch extraction of the wax in composttion A using ben- 
zene in a soxtilet apparatus leaves the RDX. The TNT in compoei- 
tion B Is extracted either batchwiso or oonlimiouely in fnxn aoKMat 
apparatus with benzene subsequent to extraction of ttlO wax With 
heptane. This prooadura leaves the RDX intact. 


RDX plus 0 03 peionidaaanBWKrtrom 

oomposition A-3 

RDK Ikom ooinpoflllion B 


The wax is removed (leaving the RDX) by selective solution usir>ga 
batch process in which a benzene-water azeotrope is continuousiy 
ckculBlad Ihrough an agitaled oompoalMon ArSiibanzana akary. 

OelactlwaaolrtionofTNrranddaaanalllaafwilhbBnzanalnacioaqd 


MM flpofn oonipoflNtan C4 


ayslaiii. 

Selective solution of alt but the RDX content of the composition to 
accomplished by agitation of a sluny of composition C-3 and 
methanol (or acetone) In a kettle. 


Talryl from teliyi*metai stearate mixture 


Tetryl is selectively dissolved by continuous acetone extraction 
■oaowao uy wanr pnnpimon io raoovw via nanyi. 


Tsliyl from iBtryl iitowlG mM mbdurv 


Saparalton to aooornpiahad ty reaction of the mixlim wtth a dMa 

solution of the sodium bicartx)nate or carbonate at 90"C cooling to 
room temperature, and then washing the tetryi with cold water. The 
tetryl i$gianiiciyitolliid<ltwiaoalDna iwtof. Urge pilots of the 
totrvl itaaric add fntoliMa raouifa iwa fiaalmanl with an aoalona 
soak. 


TNT from rnnaUA 


The TNT is extracted with boiling water through a stainless steel 
mesh thus removing dirt and metal impurities. After the molten TNT 

^i^Mt^^A M jAm^mum jaJ0 Andil aamuaaA^ajA utflMa fthJ^HeMa MeflA^v aimuI^m 

agitation four times in a similar fashion. The TNT is then precipi- 
tated in coM water or run directly into graining kettles for immediate 
reuse. 


TNT frnm lA^QO AnH ^/^O nnnfniitA 
1 1 « 1 lIUlII t\Jta\J CU lU 3U/%/U ffvllUJUlv 


1 1 V 1 io 9t7lGl.UVt7iy UiSK>UIVC?U Willi LWII^oiIU al / U w lUIIUWUU uy 

ooolnQf IHtoffnOi andavapoiaMon ofthabanienaloatitiirtiha iwi. 


TNT and Islryf from tMrytol 75/25 


Thn* to aalacllvaly diaaiilvvd uaing a i^tonchhaptane (S(y90) inbt- 
tura. Thto prooedupa faoovaia 90 pafoanC of tha telnii 


TNT from wartMMJt 


TNT to aalactiMlv dtaaolvad uaind xwlana. 
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9. rfOpwOna fWGmRWBOn. 90MI WnfTNiniDOn 

propellants are difficult to recycle because the smoke- 
less base(s) (nitrcx;©IIulose and/or nitroguanidine) used 
In the ammunition m\i deteriorate with age. Solid rocket 
pfopsllsnis in nMNiy iMttncM oui Im raoovsiwl m 
shov/n in table 15-6. However, the polymeric binder 
used in solkl rocket propeliants is a ^oss-linked mate- 
rial which is InaoluMe in solventB making tt impossible to 
remove the binder simply by solvent extraction. Fur- 
themiore the finely divided rr>etal and oxidizer particles 
are intimately coated with the t)inder which s also 



impervtouB to water tnaMng it imposalbto to ramow a 

water-soluble oxidizer from the metal and Under. This 

impediment in recycling calls for chemical cleavage of 
the binder linkage or the use ot binder moiecuiar struc- 
tores which can be thamMlty degraded. Uqultf pRif^ 
tants, on the other hand, do not present much of a 
recycling problem. They usually consist of a fuel and an 
owidteer wtifch eie both usually biw fc induoMsl cfisinl' 
cals that can be stored separately for an indefinite 
period of time Hence, liquid propellants are Slwi^ 
essentially recovered before actual use. 



Tat>l9 15-6. Prot>9ttmt Reclamation 



Constiluent-ammunilion 

rfpm ot coTtpostlifvi 



Ammonium perchlorate (or other 
CKidtzer) and fuel from binder 



Contaminants from .SO cai ammunition 



Nitrocellulose from 
fNOpeNanis 



Nitroceilutose from single-base cannon 
powder eentalfling ONT and 
dbutylphttwiato (OBP) 

Nitrogiyosrin propelanto 



Reclamallan of cuied polysulflde- 



The oxidizer is usually water-soluble. The oxidizer extraction pro- 
cess is efRdentiy perfumed wHh tf>e cooling water used to cooi the 
propellant grains during the shredding process The oxidizer is then 
recrystallized and reused. The inert binder and nr>et^ fuel are 
further separated for the purpose of recovering the metal either 
betofs or eftsr i nd n e rs i ion. 

The removal of oontaminatlng igniter and tracer eomposMons from 

.SOcal propellant is performed by selective solution using a water 
spray from a fish-tail type of sprayer which emits the water at a 90 
degree angle to the surface of the propellant powder as it is vibrated 
on a Day Robal Gyrator semen. 

Recovery of nitrocellulose is performed by solution or dispersion 
underwater, then careful molding to give a ooNoidal composition of 

nitrocellulose. 

Preferential solution ot the ONT and DBP uses an extraction pro- 
wHh a mixiufe of benzene water. 



A process of selective adsorption is used; i.e., a benzene solutionof 
the various constituents of the composition are selectively 
ad8ort>ed on materials sucti as Fullers earth, siiicic acid, activated 
^■ ■ i Immi mMt ua/t a ttm UU'. m t mm . aii* foloMMd hv a deeofiillan DiDoaaa. 

The waste cursd propellant te reduced to a enuM parHeto siM by 

passing it through a lat>oratory mill. It is then added to the extent of 
20 percent of the total mixture to a normal mixture of propellant. The 
waste propeflant re-tk}uefies to its precured state in tt>e mixer by 
means of a molecular weight redistribution between the low 
molecular weight liquid polymer and the high molecular weighleolid 
polymer. The reaction is ramplete in about 10 minutes. 



f. PyrotBchnics Reclamation. A5 can be seen 
from the data in table 15-7, little work has been done on 
rscydlhg the majority of pyrotechnic basic meleriato 

with the exception of the magnesium and sodium nitrate 
In illuminating flares and dyes in smoke components. 



Current investigations consist of attempts to recover the 
pyrotechnic materials from signal (lares. However, the 
vnoik to date can be considersd as a pitot acUvNy wMch 
can be further developed and applied to Olhsr 
pyrotechnic items and components. 
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Tabie 15-7. Pyrote^mic Reclamation 



CortstitLientt-composiliOn 



j Pyrotechnic constiluent recovery techn que 



frani wnoliK oompoiMoiw 



Preferential solution with watof leaves the dye plus other water 
insoiubles for storage and later reuse in new units. The Cfyes can be 
further separated by extraction witii a dilute aqueous mineral acid 
auehwhydreoNorteacid. lf«Ml«rtopfMMitinth»<ly»,ltc«nbe 
extrwstsd with sMcaHne solutlofw. 

Water is used to sef ecti vely dissolve sodium nitrate and most of the 
binder material. The residual nftagr>e8>um is then dried and sieved. 
In sonw Instances the binder requires acetone or thnllv sohwilt. 
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Table A- 1. Sensitivity Test Values of Explosives 
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Table A-1. Sensitivity Test Values of Explosives (Cont) 
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Table A-3. TJtermochemical ChanoieH8tk!8 ot GvMiiWS 



Malarial 


Heal 0' 
combusdon 

caiofies 
par gram ai 
conaiani 
prwaure 


Ha«toi( 


Products of Mxlil~j=.ion 


tormation. 
kilogram 
calorlOT 
pwmato 


Heal, 1 

p«r gram 
MiOaHl 


millikters 
par gram 


Primarv exolofiiVM 










Lead azide 




112 to-126.3 


wur 




Msrcurv fuiniinatfi 

■ Tl^ ■ WWi IT 1 WVI III* V 


938 


-221 to -226 


497 


w 1 9 


Oiazodinitrophenol 




M6 


vmiv 




Load styphnflie 


1,251 


92.3 


4flO 


440 






270 


MS 

WW 


1 100 


AltohaHc nNrato eaters 










BTN 


2,167 


386 


1 4SB 




OEGN 


2,792 


-99.4 


1 lAt 




Nitraceflulose 










Pyroxlyn (12% N) 




-216 


1,020 


- 


Guncotton (13 35% N) 


2.313 


-200 


1.020 


883.2 


High nitrogen (i 4. 140/0 N) 




-191 


1 .810 




Nitro(}lycerin 


1,603 


-90.8 


1,486 


716 


PETN 


1.957 


-128.7 


1 510 


700 


TEGN 


3.42B 


-way 


750 




TMETN 


2.642 


-422 




» 


MtramineB 

HMX 


2.231 to 2,253 


11.3 to 17.93 


1 dAn 




RDX 


2.259 lo 2,284 


14.71 




WO 


EDDN 


2,013 


156.1 


l£0 CO t09 




Ha'eite 


2 477 


20 11 


1 97fi 
1 i£ r w 




Nitroguanidme 


2,021 


20-29 


AAH 


1 n77 


Telryl 


2,914 


4.67 to 7.6 


1 d>VI 
1 i^OU 




MItnMroniilics 










Ammonium picrale 


2.745 


96J2 


800 




OATB 




-97.1 to- 119 


910 




HNAB 




-S6to-67.9 


1,420 




HNS 


3,451 


-13.9 to 1.87 


1,360 




TATB 


2,850 


-33.46 to -36 85 


1.018 




TNT 


3.563 to 3,598 


-10 to -19.99 


1,290 


730 


Ammonium nitrate 




88.6 


381 


960 
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Table A-4. Stabmty Teat Values of Explosives 





Wnttuwl 


WVpnl WW 
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ML 


HR 


ML 


HR 


ML 


MB 


Pirfmaiy «MpkMlvM 
LMdazid* 
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0 34 




1 

1 


0.32 


40 


0.46 


40 






SLA 


• 


0 OS 


0 16 
















PVA-LA 








1 
1 


0.20 


40 


0.44 


40 






R013d3 




0.30 


0.30 


4 
1 






0.43 


40 


* 




Mwcury fubninate 


0.18 • 
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0.24 


S.1U 


9 on 
je.Al 


9 


7.8 


40 


• 








Lead •iyphnai* (nonnal) 
TMraoarw 


06 


1.5 
23.2 


1.5 
8.4 


1 


0.4 


40 

m 


0.4 

• 


40 


- 




Potassium dinlirobanzeluroKana 


0.08 


O.0O 


















Lead mononttroresordnaiia 








2.3 




m 


0.4 


40 


- 




Aliphatic nitrate esters 






















Nitrocellulose (12% N) 


• 


0.3 


u 


4 

1 






5.0 


48 






NttroglyMrin 




3.9 


3.0 


I 


11 + 


16 






- 




PETN 


0.02 


0.1 


0.0 


5 


0.S 


40 


11 + 


40 






TEQN 




1 Ji 


1.0 


1 


0.45 


40 


0.5 
10 0.99 


8 






TMETN 




2.5 


1.8 


• 


* 




* 


• 


- 


- 


Nitramlnes 






















HMX 


- 


0 05 


0 03 


5 


0.37 


40 


0.45 


40 


U d2 




RDX 


0.03 




0 


s 






0.9 


40 


2 5 


A f\ 

40 


Haleite 


0.01 


Xi.mL 


0 3 




0.5 


48 


1.5 
to 2.4 


AO 

48 


11 + 




NHreguwMliw 


0.04 






A 

9 


0.4 


40 


0.5 


40 






Talryl 


0.01 


0.1 


0.0 


5 


0.3 


40 


1.0 


40 


11 + 


12 


NMioaroinatics 






















Ammonium picrato 


0.12 


0.1 


0.1 


5 


0.2 


40 


0.4 


40 


0.4 


40 


DATB 


• 






1 






0.03 


48 






HNS 




>1 


















TATB 




.17 


















TNT 


0.04 


0.1 


0.1 


S 


0.1 


40 


0.4 


40 


0.7 


40 


Ammonhitn nMrala 


0.0 


0.1 


0.0 


5 


0.3 


40 


0.3 


40 


0.3 


40 
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Table A-4 Stability Test Values of Explosives (Con(] 
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ML 


HR 


ML 
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- 


- 


5 


0.3 


40 


1.0 


40 


- 


• 








0.2 


5 


0.7 


48 


0.9 


48 


11 + 


46 


Composition C3 


- 


• 


- 


• 


1 21 


48 


11 + 


48 


- 


- 






0.13 


0.0 


- 


0.20 


40 


- 


- 


- 


- 






0.2 


0.1 


5 


0.7 


40 


11 + 


24 


- 


- 






• 


• 


5 


- 
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0.30 
10 0.69 


40 


11 


40 
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- 


5 


- 
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0.37 
10 0.76 


40 


5.10 


40 
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0^ 
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2.5 


40 


11 + 


16 
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0.05 
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04 


40 
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40 


0.7 


40 
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0.1 


0.1 
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3.0 


40 


11 + 


40 
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0.1 


40 
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0.0 
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11 + 
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7cMo A-S. Density Values of Explosives in Grams Per Milliliter 













>n kilopascats (pounds p«r tquars incti) 




Maianal 


CryaMOT 


20.ee5 


34.47S 


68,450 


103,426 
(IBMOt 


137,900 




275,600 
(4OJ000) 


CM 


Mimiy exploiltfM 




















Lta6«iW»ipU«4 


4JI7 


















DLA 


* 








3.14 










SLA 








• 


3.31 


« 


• 


• 




PVAIA 










3.81 










Mercury fulminate 


4.43 


3 0 


3.2 


3.6 


3.82 


4.0 


4.1 






Dia?odfnitrophenol 


1.63 to 1 65 


1.14 
















LBad stypiin«te (normei) 


3.02 


















Tetracene 


1.7 


1.05 
















MpiVK fmW MOT 

BIN 
DEGN 

fMnipyiiOTn 


1.820 
1.30 
1.S66 
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ToM* Den^ ViOuM of ExpAMAfM in Qmm Per Mmmr (Cont) 



M r 1 ft 1 




PlMMjr* in kilop»»ca* (po**nrt«, ymr square inch) 




34.475 

1, J IJLKJ 


08.450 

(10.000) 


1 103.425 

1 J IXH] ': 


137 «xj 

20 COO 


xofi 950 

COO; 


?75800 

AC.C'Ki 


CatI 


PETN 


1.778 


1.37 


1.575 


1.638 


■ 


1.71 


1.725 


1 74 


* 


TEQN 




- 


- 


• 


- 


- 


- 


- 


- 


TilSTM 




• 


• 


- 


- 


- 


- 


- 


• 


Nrtramin&s 




















HMX 


1.905 


















ROX 


1.816 


1.46 


1.52 


1.60 


1.65 


1 66 


1.70 


1.71 


- 


Halc'te 


1.66 to 1 77 


- 


1.28 


1.38 


1.44 


1.49 








HiUoguarwUn« 


1.71 


0.95 


• 


- 


- 


- 


- 


- 


- 


Tetryl 


1.73 


1.40 


1.47 


1.57 


1.63 


1.67 


1.71 


1.71 


1.62 


AfiMnonluni piCfMft 


1.717 


1,33 


1.41 


1.47 


1.51 


1.53 


1.56 


1 57 




HNAB 


1.79 


- 


- 


- 


- 


- 


- 


- 


- 


TNT 


1.954 


1 34 


1.40 


1 47 


1.52 


1.55 


1.59 


1.59 


- 


Amrnon'um nitratd 


1.64 lo 1.75 


- 


- 


- 


- 


- 


- 


- 


* 


Binary 




















Composition A3 


• 


1.47 


- 














Compoaitton B 


• 
















1.66 


8V46 6dMl0l 


* 








_ 








1.62 


7S12S0€M 


1.832101.843 
















1J0O 


TtVSOOetol 


1.81910 1J22 










_ 






1.790 


SttSO PimoHto 










_ 








1j83to 




















1.97 


Picratol 


- 




- 


- 


- 


• 


- 




1.62 


70/30 Telr/tol 


• 




■ 












1.60 


80/20 TritonaJ 


• 




- 


- 


- 


- 


- 


- 


1.73 


Ternary 




















HBX-1 


















1.76 


HBX^ 


- 




- 


- 


- 




- 




1J82 


Mlnol-2 


* 




- 


- 


- 


- 


- 


- 


1.9210 




















1.74 


TofBMC 


















1J2 


Quanternary 




















DBX 


















1.61 to 




















1.74 
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TtJUB A-6. Conversion Factors and Constfint^ 
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1 1 C M Aliens 

u.o. 9B'^''S 


U.S. QallOnS 








4<rSO09 


1 Umm 






rvWHIB mWOT W 19 w 






Pounds 


Pounds 




Giafna 


OuncB 




Grams 


Calories 


4.1 Odd 


International joules 


Calories 


0.0413 


Liter-atmospheres 


KiloQrBTi-calorlos 


J.9DCI0 


DTI r*s 
b 1 u s 


PI u ■ 


UtCOllfO 


NKigranrGBKinaB 


DTI 1 BkM* t-t— J^^jbA 

DTU por cuDic foot 


ovD. 


raiogram caiofisa par cuHc inaiar 


KNograms p«r aquara osnttnMlar 


14.223 


Pounds par aquara inch 




1033.3 


Grams par squaia osntimalar 


Atmosphefes 


4 ^ AAA 

14.690 


Pounds per squara Incti 


Atmospheres 


760. 


Mil li rhetors of maiGUiy 


Pounds per square inch 


6.895 


Kilopascals 


Gram moles 


22.414 


Liters at Q^Q and 760 mm of mercury 


R (gas oon«l«nt) 


1.8684 


Calorfas par "C par mola 


Foot candles 


1. 


IdUmana par aquara tool 


Lumens 


0.001486 


Watta 
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Sp6Cification Numtof 


Primary explosives 




Leadazide 


Mn.>L<3055 


Special purpose lead azida 


MtL-L-14758 


RD1333 (lead azide) 


MIL-L-46225 


Mercury fulminate 


JAN-M-219 


OlBzodinilrQDliMiol 


JAN-D-552 


Lead styphnate. basic 


MIL-L-16355 


Lead styphnate. formal 


MIL-L-757 


Te^Boena 


MiL-T-4ea30 


Potassium dinitrobenzofuroxaiw 


MIL-P-50486 


Lead monortitroresorcinate 


MIL-L-46496 


Aliphatic nitrate esters 




Butanetriol trinitrate 


no specification 


Diethylenegtycol dinitrate 


no specification 




iMIL*N-244 


Nitroglycerin 


MIL-N-246 


NItrostarch 


no specification 


PETN 


iMIL-P^7 


TE6N 


no spaciftcation 


TMETN 


no specHication 


NMraminas 




HMX 


M1L-H-45444 


ROX 


MIL-R-398 


EDDN 


no spaciflcallon 


Halalla 


no specification 


NQ 


MIL-N-494 


Telryi 


MIL-T-339 


NMroaromatics 




Ammonium ptcrate 


IMIL-A-166 




no nnnrjflrntimi 


HNAB 


no specification 


HNS 


no specification 


TATB 


no spacHicaton 


TNT 


MIL-T-248 


Ammonium nttrait 


MlL-A-50460 


Binary 




Amatol 


no specification 


Composition A3 


MIL-C-440 


Composition A4 


MIL-C-440 


Composition A5 


MIL-E- 14970 


Composition A6 


MIL C-6005i 


Composition B 


MlL-C-401 


Composition B3 


MiL-(>451l3 


Composition 64 


MIL-C-46652 


Cyclotol 


MIL-C- 13477 


Composition CH6 


MIL-C-21723 
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Table A-7. SpecUcai 




MMdal 


fim m ■III ■ ■ ■ ail ■ ■ 


BHnalvil 
BQIWOI 


no iipuuincaiNNi 


Octol 


MIL-O-45445 


Pentolite {50/50) 


JAN-P-408 


PIcralols 


no apacNIcBlion 


Tetrytols 


no specification 


Trttonal 


no specification 


Ternary 




Amatex 


no specification 






H6 


MIL-E-222S7 


HBX 


MIL-E-22267 


HTA-3 


no specification 


Mnol-2 


MIL-M-14745 


Torpax 


no apaoMealion 


PBX 




Myitary specificalions 




LX-14-0 


I^IL-H-4d358 


PBX Type 1 


MIL-P-14999 


PBX Type 2 




PBX 0280 


MIL-R-48878 


PBX 9010 


MIL-P-45447 


PBX 9407 


MIL-R-634t9 


PBXN-203 


MIL-E-85113 


PBXN-4 


MIL-P-23625 


PBXN-5 


MIL-E-81111 


Navy specifications (ternary catagofy) 




PBXN-3 


OS-11641 


PBXN-6 


WS-12604 


pexN-101 


WS-3e29 


PBXN-102 


WS-3823 


PBXN-103 


OS-12800D 


PeXN-104 


WS-11511 


PBXN-201 


WS-11490 


PBXN-301 


WS-12612 


Oept oH energy specifications 




(Lawrsnoa Uvaniiora Laboratory [LLNL]) 




LX-04 


RM 252353 


LX-07 


RM 253379 


U<-09 


RM 253200 


LX-10 


AM 283511 


LX-13 


AM 253520 



'Currantty, because ot work«r mposure hazards, benzene is being replacsd by other solvwils in aN speaitcations. 



< 
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Tabte AS. Hazardous Component Safety Data Stwet (HCSDS) Nimbafs 
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8-52. SUSAN lest results for TATB 8-72 

8-53. DTA curve for TATB 8-73 

8-54. Structural fornwla lor TNT 6-75 

8-55. While compound 6-78 

8-56. TNT and 2.4. S- TNT reaction 6-78 

8-57. Reaction of TNT witti nitrosytahloode 8-79 
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8-60. Seven memb«r ring siruclur© %^ 

8^1. Reaction o< TNT with hydrogen 

8-82. Production of TATB from TNT 9^ 

8-63. Reaction of TNT with bases Ml 

8-84. Reaction of TNT with potassium hydroxide Ml 

8-65. Reaction of TNT with phenylhydrazine M2 

8-66. Agrtahon versus MNT yield 8-64 

8-87. SUSAN last results for TNT 8-88 

8-88. DTA cufve for TNT 8^ 

8-89. TGA curve for TNT 8-91 

8-70. 4.6-Dinitroanthronil Ml 

8-71. Explosive coke azoxy compound 8^ 

8-72. Photoexcitation of TNT MS 

8-73. Sbuctural fornr>ula for ammonium nitrate 8M 
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8-75. TQA curve for ammonium nitrate 9fVf 

8-76. DTA curve for 60/20 amatol 8-99 
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8-78. OTA curve for composition A3 8-102 

8-79. SUSAN test resutis for composition B3 8-106 
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8-81. DTA curve for composition B 8-107 
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8-85. SUSAN test results for LX-li 8-113 
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Miporit 11-13 

MiscelaC 11=4 UA 

\*cAof vehide transportation of explosives and ammunition li^ 14-12 
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NMR (see nudear magnetic resonance) 

NobeJit ttfi 11-16 

Nobelite gaderia 11-4 1 1-8 

Noogat ilA ii-B 

NQ (see nitroguanidine) 
NS (see nitrostarch) 

NSWC small scale gap test SJ. 

NTP tL4 11-a 

Nuclear magnetic resonance 13-S 

Odols 

Brisanca S-6 8-114 

Characteristics 8-6 8-114 

Deslruction 15-3 15-1 

History 2:4 g-gg 

Packing 14-2 14-1 

SensiUvity 8-6 8-114 

Shipment 14^ 14-10 

Stability 8-6 8-114 

Open storage 14-4 14-7 

Oxidizing agents, pyrotechnic iikl Ukl 

OxiUquite 11^ LUft 

Oxilite 11:4 ll-9 

Oxygen balance SiS 3^ 

Packing containers lor black powder 14-2 14-S 

Packing containers for explosives, 
propellants, and ammunition containing 

explosives 14-2 14.S 

Packing for expiostves and propellants 14-2 i4-s 

Paper chromatography 13-3 ia-4 

Particle velocity 4^ 4-3 

P6X (see plasttc bonded explosivea) 

Peak pressure, blast 4:fi 4-1? 
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Brtsance 8-2 8-2U 

Characterislics 8-2 ft-tfi 

Destruction 15-3 1S-1 
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Manufacture 8-2 8=12 

Packing 14-2 14-1 

Reactivity 8-2 ft-ifl 

Sensitivity 8-2 B-19 

Shipment 4^ 14-10 

Specification 8-2 B-IB 
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Toxicity 12^2 12-1 
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Destruction 15-3 15-1 

Manufacture 8-6 8-117 

Packing 14-2 14-1 

Sensitivity 8-6 8-117 

Shipment 14-10 

Specif icatioo 8-6 8-117 

StabiNty 8-6 8-119 

Toxicity 12=2 lg-3 
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PXgaplwl S:ft 5^ 

Pyroc«Hulose (»©e nHrocettutOM) 

Pyroiysis 3^ 3^ 

Pyrotechnic compositions, dassiMcation 3^ 3^ 

Pyrotechnic devices 10-1 

Pyrotechnic materials^d^^struction of 15-3 lS-7 

Pyroxylin (see nitrocelkjtose)^ 

OxIHqurta y aire liqukto lU 

Railroad shipn'>ent of explosives and amrrwnlllon 14-5 14-10 

RD1333 (see lead azKle) 

RDX (see cyctotrirT>ethyier>etr1nltwi*») 

Reclamation of er>ergetic materials 15-6 15-14 

Rectamalion of propeilants l&fi 15-14 

Reclamation of pyrotechnics 1S-fl 15-14 

Reialfve force fcZ 9-6 

RetaHve quIcfcnMS 9-7 9-6 

RmM IIA 11-16 

Retardants. pyrotechnic 10-1 10-1 

Rifle bullet inrtpact Mst Sdfi tfi 

Roche Hi 11-4 

Runup distance 4-2 

Russian energetic materials 11-6 11-10 

Secondary explosive, deftnitioo 3:1 3-1 

SeiecUte Ho i LLfi ii-ia 

SenaHivity 

Definition ^ 3^ 

Propelant 9d1 9^ 

Pyrote<*>nic oomposilions 10-5 10-13 

Seramin ii-6 11-16 

Service tests, pyrotechnic 10:3 liLiS 

Shaped charge effect 2^ 4:Z 2zL 4-14 

Shaped charge jet inrvpact test, propellant 6:20 6-4 

Shaped charge jet spaJI test, propellant 6-21 6-4 

Shipment of explosives and ammunition 14-S 14-10 

Shoanyaku lU 11-10 

Shock sensitivity 3^ 

Shock waves 4i 4-3 

Shotoyaku LL5 11-10 

Signals M^lIU 3:3. 10:2 

Single-base propeMant 3i4^ 9-2. 3-2. 9-2. 

9-S 9-3 

Single fragri^nt impact test, propeiant 6-33 6-4 

Skid tests 5-16 5:fl 

SLA (see lead azide) 

Slurry expkjsives. Russian ii-6 11-13 

Smoke 2-2. 2-7 21 210 

Smoke dyes IQil miA 

Spanish energetic materials 11-7 11-13 

Spectrometry 13-5 13-7 

Spectroscopy laj laJ 

Sprangdeg ii-6 11-16 
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Spfsnggelalin 1 1-16 

Stat) detooawrs .t. . . M Zilfi 

SlabiWy. (MinHion 3:5 3^ 

SlabtNty. pflOpeflant »J2 9Jfi 

Sladiing ammunilion 14-4 14-7 



Suxaga o( bulk initiating expk^ivo 14-4 t4-fl 

Storaga d axptosives and ammunMion containing axploaivas 14-4 14-6 

Storage of prop4Hlants 14-4 14-9 

Strand tximer lest 6JJ 6-3 

Survailanca t«t fcfi 6-2 

Surv*tliinc« tests, pyfotachnic 10-3 10-9 

SUSAN test 5d7 5J 

Svartknit ILfl UJB 

Swedish energetic materials 11-6 11-14 

Sw&s energetK: matefials 11-9 11-16 

T4 plas^ 11:4 11:1 

TaUes 

4-1. Unreadad hugoniol data iA 

4-2. Reaction zone length 4:111 

4-3. Detonation pressures 4-11 

7-1. Various types of lead azida 7-1 

7'Z Sensitivity of dry and wet lead azide 7-4 

7-3. Loading density of mercury fulminata 7«$ 

7-4. Oetenoration of mercury fulmir%ala 

7-5. Sotubility of diazodini1rop^eno^ 7=9 

7-6. Effiaency initiating compounds 7-11 

7-7. High temperature percussion primers 7±1B 

7-6 Percussion priming composrlions 7-16 

Zzfl. Stab detonator pnming compositions Zdfl 

7- 10. Electric priming oompoaiiions 

6-L Compositions of mixed aods tor nitrating ceWutose M 

6-2. Decomposition of niirocellutose 9-f 

6^. Impact sensitivity of nitroglycartn - acetone mixtures 814 

6-4. Packing density fclfi 

6-5 Soiubitoty of PETN in acetone water mtxiures 6-17 

6-6. PETN autactics tl2 

6-6. Gap test results for PETN &2Q 

6-9. Detonation velocity versus density fi:2Q 

6-10. PETN detonation pressures versus density t2J 

6-11. Soiubility of HMX fc2Z 

6-12. Sohjbility of HMX by volume 8^28 

6=13. Specffk: heat of HMX &i2& 

6-14. Gap test results for HMX 6:29 

8- 1S. Specific heat of RDX 8^ 

Sslfi. RDX packing density AalQ 

6-17 RDX-TNT solubility 6-32 

B-ia Solubility of RDX in various solvents 6-33 

BJa. Gap test results for RDX 6-35 

Bi2flL Types of RDX 8-37 

6-21. Granulation raquirameftts for RDX 8-37 
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8-22. Haleite packing density . 8-39 
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8^ Gap test results for nitroguanidine 8-45 

6-25. Density as a function o< loading pressure for letryt 8-45 

fi^ Dielectric constant of te^l 8-47 

8-27 So(ut}4rity of tetryl in various solvents 8-48 

8:28. Heat initiation of tetryl 8-51 

Bi2fi. Heat initiation of confined tetryl 8-51 

8 30 Gap test results tor tetryl 8-52 

8-31. Low velocity detonation in tetryl 8-53 

8-32. Composition of gaseous products of tetryl decomposition 8-54 

8-33. Composition of condensed phase tetryl 8-55 

8-34. Density of ammonium picrate 8-55 

8-35. Solubility of amnwnjum picrate 8-57 

8-36. Ammonium picrate explosion temperature 8-58 

8-37. Gap test results for DATB 8-60 

8-38 Gap test results for HNAB 8-61 

8-39 Properties of HNS 8-65 

8-40 Gap test results for HNS 8-66 

8-41. SoJut)ility of TATB in various solvents 8-66 

8-42. Effects of gamma radiation on TATB 8-67 

8-43. Small scale gap test results for TATB s- 8-71 

8-44. Detonation characlenstics of TATB 8-72 

8^5. Effects of moisture on the freezing point of TNT 8-74 

8-46. Removal of moisture from TNT 8-74 

8-47 Density as a function of loading pressure for TNT 8-74 

8-48. Surface tension of liquid TNT 8-75 

8-49. Oietedric constant of TNT 8-75 

8-50. Solubility of TNT 8-75 

8-51. Specific heat, enthalpy, and entropy of TNT 8-76 

8-52. Thermal diffusivity of TNT 8-76 

8-53. Isomers of TNT 8-83 

8-54. Nitrobody concentration for a six nitrator system 8-84 

8-55. Impurities present in TNT 8-85 

8-56. Impact sensitivity of TNT 8-C7 

8-57. Gap test results for TNT 8-87 

8-58. Detonation pressure of TNT 8-88 

8-59. Fragmentation effects ot TNT 8-88 

8-60. Effects of confinement on TNT detonation products 8-89 
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8-63. Properties of amatofs 8-97 
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8-65. Composition A explosives 8-100 
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8-67. test results for composition B 8-105 
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8-69. Properties of octols 8-114 

8-70. Crater volume in mild steel targets 8-116 
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8-72. Gap test results for 50/50 pentolite 8-119 

8-73. General charactenstics of tetrytols 8-122 

8-74. High t)iast explosives 8-125 
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8-76. PBX compositions 8-131 

8-77. Compositions and characteristics of dynamites 8-133 
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Deliagration to detonation transition. propeHants 6-4 6-1 

Detonation velooty test 5i5 5-3 

Development lfi:3 10-9 

Ditterenbai thermal analysis 3^ 3i5 

Electrostatic sensitivity 2:5. S-4, 3:4, 5-3. 

fiill 6-2 

Evaluation 10:3 lQ-9 

ExternaJ heat test, propeilants 6-3 6-1 

Explosion temperature 6-17 6-3 

Flying plate test 5:9 5iZ 

Forty loot drop lest 5-14 

Fragmeniaiton lest 5:20 !L5 

Friction sensitivity S^L 6-12 5-5. 6-2 
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Test (Com) 

Gap tests 

Growth and exudation tMt 

Heat, 100*C and 75'C 

Heat tests, propellents, 134. 5*C and 120*C 

High loading rate compression teat 

Impact sensitivity 

Incendtary heat output 

Jo« test 

Jumble test 

Kl (potassium iodkle) 

LANL large scale gap test 

LANL smaii scale gap test 

LLNL reactivity 

Low loading rate compression test 

Malfunction 

Multtple fragment impact test, propellant . . 
NATO 



NSWC small scale gaptest SrE &J. 

PX gap test 5-7 

Pyrolysis 3^ S-S 

Pyrotechnic light output 10>3 10-9 

Pyrotechnic smoke output llki 10-10 

Rifle bullet impact tsst SJfi &-3 

Service ljQb3 10-9 

Shaped charge jet impact test, propellant 6-20 6-4 

Shaped charge jet spall test, prapeltant 6-g1 6-4 

Shod< sensitivity ^ 34 

Single fragment imf>Bct test, prapelant 6-2g 6-4 

Slod tests s-ifl S^a 

Strand burner test 6-18 6-3 

Sun/eillance IflJ 10-9 

Sun/eiUarKe test 6^ 6-2 

SUSAN test saz 

Taliani test 6-16 6-3 

Temperature and humidity test S-11 iZ 

Ttiermal sensitivity 3:5.5:A ^5J. 

Thermal gravimetric analysis ^ 3»S 

Transport vibration test S-10 

Trauzl lead block test ^ 3^ 

Vacuum stability 3:5, 5-2. 3-5, 5-2. 

6-1 

Tetracene 

Brisance 7-6 7-16 

Characteristics 7-6 7-15 

Destruction 15-3 15-1 

Htsiory 2J. 2^ 

Manufacture 7-6 7-15 

Packing 14-2 

Reactivity 7-6 7-16 

Sensitivity 7-6 7-16 

Shipment 14-10 

Specrfication Zifi 7-16 

Stability 7-6 LJ& 

Tetritol lU 11-14 

Tetnloiy Ubfi 11-13 



Pangnph P»g9 

&fi &Z 

5- 15 

3i& 3i5 

6- 5 6-1 
fidi 6-2 
3:5. 6-3. 3^ 5-2. 
6-13 6-2 
10=3 Ifidl 

5- 12 fcZ 

3:5 

54 &Z 

3:5 3:5 

6- 15 6-2 
10-3 10-9 
&23 6-4 
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O £ 


6-122 




A » 


B-121 






15-1 


Manufacture 


8-6 


A 4 M4 

8-121 






14-1 




oa 


A.199 




fUA 


ft. 199 




14.^ 


14.10 




fl.8 


8.199 




12-2 


12-3 




10-4 


1Q.12 




^4 






3>S 






(LI 






iO.4 








11-4 


liMc 1 ri (soe irrneirfoietnanB innnrBvBj 






TNT (so6 trinitroto<ueo«) 








11. T 


1 1.14 

1 1-14 










8-6 


8.120 




8-6 


8.198 

w ICO 






1S.1 


iL4 HF^l it a/^ft A 


8-6 


8.128 




14.9 


14.1 




8.6 


8.199 


^iilii ■■■ ■ 111 


*A e 


i4.in 


Stabiliiy 


8-6 


6-129 




12-2 


12-4 




11.0 


11.17 




l?-2 


19 1 




t-A m.1 






1 1 .Q 


11-1/ 




Lin 


D*> 






1.4 


1 naniirfO^inrWTrOlwnZvn^ 








8.4 


8.79 


^^t^ n m ■! ■>* ti<^A 


8.4 






15.3 


15-1 




8.4 


8.70 




14.9 


14.1 




ft.4 


il.71 




145 


14-10 




8-4 


8-72 


Triomyleno glycoMinitrato 








8-2 


&2fi 




8-2 


8-22 
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Park inn 


1A.9 


14.1 




A.9 






A.9 






14.i( 






A.9 




1 rifiiouiyiuioiiiflrio \TnwnimS9 








11.9 








A.9A 




15.3 


15.1 


Maai j f A^liirM 


S.2 




pAoki/vi 


14.9 


14-1 




11.9 


p-£0 


^ A tt 1 f i\#tffu 


A.9 






14. •« 


i4.m 


SlAhilitv 


ft. 9 
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A.4S 
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15-1 






9.7 


^jAni iff ITA 






PnHcirm 




14.1 






A.4A 




A.!* 


A.<1 




14. A 






A.1 




Tnificitv 




12-1 










A.4 


AJM 










15-3 


15-1 




9Ji 9.7 


9J4 9.A 


Ulam if ar^i irtt 


IU4 


AJM 




14.9 


14.1 




8.4 


ft. 77 


San^itivitv 


8-4 






14-5 


14-10 


SnAT'i f i a tvin 


11-4 




Stability 


8-4 


8-89 


Tcwidty 


12-2 


12=2 


Trir^MtitA 


11-7 


11-14 
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■4.9 0.9 
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Xri4/\lKf A 


1 1.7 


1 1.14 




11.7 


1 1-14 
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8-6 


8-123 


Chdracterifitics 


8-6 


8-123 


Destruction 


15-3 


15-1 
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14-2 


14-1 
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Pangnpit P*0« 

TrMonal (Com) 

Sh»pm«nl I*-* 14-10 

StatxKty 8-6 8-123 

ToKicily 12=2 12-4 

Ugtenily LLfi It-13 

UHraviolet spectroscopy 1^ 13-7 

Umbrite ii-9 

Vacuum stabifty test 

Definition i& 3:5 

Exptosrves 5-2 5-2 

PropeMants 5S. 8-1 

VlsJWe spectroscopy 13:5 13-7 

Waste recyding 15^ 15-12 

Water shtpment of eiploeives and amnunNion i4-s 14-15 

Waterproofing agents, pyrolechnlc 10-1 lft-l 

Web 9-6 9-i 

Wet chemicat identification mattioda 13-2 13-1 

Whiietmoke 3:4, IflJ 3-3. iQrZ 

Zemogranoolity 11-6 11-13 
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